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THE text has again been subjected!to a thorough 
revision, portions have been cut out and considerable 
additions made to bring the book up to date. 
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PREFACE 
TO THE SECOND EDITION 


THE text has been carefully revised for this edition. 
In the period since the first edition appeared the planta- 
tion industry has moved forward so rapidly that it has 
been necessary to re-write and add considerably to that 
part of Chapter II which deals with the preparation and 
properties of plantation rubber. A short chapter has 
been added at the end of the book dealing with the 
handling and sale of rubber. 
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PREFACE 
TO THE FIRST EDITION 


THis little book 1s intended to serve as an introduction 
to the study of Rubber, and deals both with the 
production of the raw material and the subsequent 
manufacturing processes 

A good deal of interest is now taken in Rubber from 
different points of view During the last few years 
we have seen the successful development of the Planta- 
tion industry with which we have been closely associated 
Our consulting practice also brings us into contact with 
the rubber manufacturing industry to which the atten- 
tion of the public has been drawn owing to the popularity 
of the motor-car. 

It is hoped that this book will be found suitable to 
the requirements of the average reader who 1s desirous 
of obtaining general information on the subject. Ina 
narrower circle the book should prove useful to planters 
who wish to get some idea of the methods employed by 
manufacturers for the utilization of their raw material, 
while those interested 1n manufactured goods will, we 
believe, be more particularly interested in noting the 
methods employed for treating the latex and curing 
the rubber on the plantations. 

We are much indebted to Mr. J. K. Burbridge for 
reading through the proofs, and to Mr. P. M. Matthew, 
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Mr Herbert Wright, and various firms of rubber 
machinery manufacturers for some of the photographs 
and illustrations 

The space at our disposal has necessitated a very 
brief treatment of all the matters dealt with, but it 
has been our aim to make the book as comprehensive 
as possible 

THE AUTHORS 
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RUBBER 


PART I 
THE RAW MATERIAL 


CHAPTER I 
INTRODUCTORY 


RUBBER, or india-rubber, was the name originally given 
to a material of West Indian origin used for removing 
pencil marks. To the English chemist, Priestley, in the 
eighteenth century is given the credit of this discovery. 
Rubber in a modified form is still used for this pur- 
pose, although at the present day other commercial 
applications of far greater importance have to be 
considered. 

Central and South America may be taken as the 
home of the more important rubber producing trees, 
and, consequently, we turn to Spanish sources for the 
earliest historical mention of this substance. We have 
early reports of games played by Indians with elastic 
balls made from the gum of certain trees, and Christopher 
Columbus is said to have seen the natives playing with 
rubber balls in the Island of Haiti. 

For a long time india-rubber was nothing more than 
a chemical curiosity. One of its first applications was 
that of waterproofing cloth. India-rubber dissolves 
easily in many organic fluids, such as naphtha, benzene, 
and carbon tetrachloride, and on evaporation of the 
latter the rubber is left again in the form ofafilm. This 
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film may be said to be impervious to water—water- 
resisting would be a better word, for as a matter of fact, 
when immersed in water, it slowly swells and absorbs a 
small quantity. However, by spreading a layer of 
rubber solution on cloth it is easy to render it waterproof, 
and these garments have been known as mackintoshes 
ever since the early days when they were made by a 
firm of that name. 

Raw rubber, however, is not an ideal substance with 
which to treat a wearing material. Even the best quali- 
ties of raw rubber get soft and sticky in hot weather, 
and it is safe to say that, had it not been for the discovery 
of a radical nature by which these difficulties were 
overcome, rubber could never have been adapted to the 
numerous commercial uses to which it is now put. 

This discovery, which was made in the year 1839 by 
the American, Charles Goodyear, consists in heating the 
rubber with sulphur under carefully regulated conditions, 
when a chemical reaction takes place and the resulting 
product is no longer sensitive to the ordinary seasonal 
changes of temperature, and in addition to this, its 
strength and elasticity are actually improved. This 
process, known generally as vulcanization, was dis- 
covered independently by Hancock in London, who, 
later on, came to an arrangement with the Mackintosh 
firm by which the process was applied to the manufacture 
of waterproofs. The original firm of Hancock’s in the 
Goswell Road are still manufacturers of rubber goods. 
Hancock also found the means of uniting pieces of india- 
rubber into one mass by the process of mastication or 
kneading, a discovery of prime importance for the manu- 
facture of rubber goods. Nowadays practically all 
commercial rubber goods go through the vulcanizing 
process, the only exceptions of importance being the 
crépe rubber soles for footwear and the tape used for the 
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first layer surrounding the copper conductors of electric 
cables, for although the cable may be heated to a 
vulcanizing temperature for the purpose of vulcanizing 
the outer layers which contain sulphur, the first layer 
of pure rubber tape next to the conductor remains 
unaffected. 


CHAPTER II 
THE PARA RUBBER TREE AND RUBBER LATEX 


EVERYONE 1s familiar with common milk weeds or 
spurges when the stem 1s broken a milky juice exudes , 
but whereas such milk or latex yielding plants of any 
size are comparatively rare in temperate climates, they 
are exceedingly common 1n the tropics. Many of the 
largest trees in the tropical jungles of South and Central 
America the Continent of Africa, India, Ceylon and 
the Malay Archipelago, exude a milky juice when the 
bark 1s cut or damaged, and the leaves or twigs torn or 
snapped across This milky juice has its ongin in a 
system of capillary vessels, which are found both in 
the primary, that 1s to say first formed, tissue of the 
stems and leaves, and also in the secondary tissue, 
generally in the under layers of the bark, and sometimes 
also in the sap-wood of the tree trunk and branches 
Under the microscope the milky juice, or, as we will 
now call it, latex, consists of imnumerable minute 
particles suspended in a watery liquid or serum The 
particles may vary in shape and size according to the 
botanical origin Thus, the particles of Rambong latex 
resemble drops of oil, those of Ceara latex rods, and those 
of Hevea latex take a rounded form, seldom wholly 
spherical but generally ovoid though sometimes cone 
shaped, varying in size from 0:5 to 3 micromullimetres 
The analogy with animal milk, which consists of a liquor 
containing tiny globules of milk fat, 1s at once apparent 
The latex globules, however, are much smaller and do not 
consist of fat, but of caoutchouc and resins Very many 
trees yield a latex from which only resins or resin-like 
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substances are obtained. These are practically valueless. 
Others yield some caoutchouc with a larger or smaller 
proportion of resin, and their commercial value may be 
taken as roughly proportional to the percentage of the 
former. The latex of the Hevea Braziliensis, or Para 
rubber, contains only two to four per cent. of resin, and 
yields the finest commercial rubber. 

The term “resin ’’ is used in a general sense, as there are 
innumerable resins obtained from different trees, each 
of which, if considered from a chemical standpoint, 
consists of complex mixtures of different individuals. 
The so-called ‘“ resin ” of Para rubber (Hevea Braztliensts) 
contains in addition to resins an inert substance (inosite 
derivative) and fatty acids, e.g. oleic acid. 


TERMINOLOGY 


The native Indian word for rubber is “ cahuchu,” 
and this was first adapted in the form “ caoutchouc ” 
(German, Kautschuk) as a synonym for rubber. The 
word in English is now generally used to signify the 
chemical substance or hydrocarbon (compound of carbon 
and hydrogen), which is the essential ingredient of raw 
rubber. It forms the main portion of commercial raw 
rubber. Raw Rubber is the natural product as obtained 
direct from the trees, and consists of caoutchouc in 
intimate mixture with resin and other substances. At 
one time the bulk of raw rubber available was obtained 
from the Amazon district and some of it is known as fine 
Para from the name of the port of shipment. Nowadays 
native Brazilian Para rubber forms only a very small 
part of the raw rubber available—the greater bulk of 
it (93 per cent last year) is derived from plantations in 
the East. Such rubber is also known as Para rubber, 
because it is derived from the same tree as that found in 
the valley of the Amazon and its tributaries. 
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Hevea Braziliensts. This tree, as its name implies, 
is a native of Brazil. It is found in the extensive 
forests drained by the Amazon and Orinoco rivers and 
their tributaries. It occurs, however, not only in 
Brazil, but in Bolivia, Peru and other parts of tropical 
South America. The raw rubber is found in commerce 
under various names according to the method of pre- 
paration and source of supply. The brands known as 
fine hard Para, hard and soft cures, are the best. The in- 
ferior grades are partly derived from other species of genus 
Hevea and are not smoke-cured. Hevea Braztliensis 
thrives in the forests of the Amazon valley, in what are 
known as the “islands ”’ in the delta of the river, and 
also in the higher lands lying back from the valley of 
the river. The climate of this region is extraordinarily 
uniform, the annual mean temperature being about 
80° F., and the daily range usually between 75° and 90° 
The annual rainfall is from 80 to 120 inches. 

The general habit of the Para rubber tree will readily 
be seen from the various illustrations. It attains a 
height of over 60 feet and a girth of 8 to 10 feet. The 
leaves are characteristically three-lobed, the flowers are 
individually small and inconspicuous, but are borne in 
little sprays, and are succeeded by dry fruits, each con- 
taining three seeds about the size of large Kentish cob 
nuts, and with the curious brown and black mottling 
so characteristic of seeds of many plants of this family, 
é.g., the castor-oil bean. The seeds are very oily and 
soon lose their vitality, so that special precautions 
have to be taken to transport them successfully over 
long distances when required for propagation. When 
ripe the hot sun causes the capsule to burst with a 
sharp report, and the seeds come rattling down in all 
directions. 
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COLLECTION OF WILD RUBBER 


In Brazil the trees are tapped during the dry season, 
which varies in different districts. The rubber collectors, 
or seringuetros, search the forests for suitable trees, 
which should not be less than about two feet in girth. An 
incision is made in the bark with a small axe, and 
a receptacle fastened immediately beneath. The latex 
begins to run at once and is caught. A number of cuts 
are made in each tree, a cup fastened under each, and 
allowed to remain for a few hours. At the end of this 
time the flow of latex has ceased and the contents of all 
the little cups are transferred to a larger vessel. The next 
step is to convert the still liquid latex into solid rubber. 
A fire is lighted and nuts of various species of palms 
placed on it. These produce a dense smoke. A 
kind of paddle is dipped in the latex and held in the 
smoke. The rubber coagulates or dries down, forming 
a thin layer on the paddle. This is then dipped into 
the latex and again smoked. Another layer is depos- 
ited on the first, and the process is continued until a 
sufficiently large mass of solid rubber has been collected 
on the paddle. It is then removed and is ready for 
export. 

The smoke-cured fine Para comes into commerce in 
the form of “loaves ’’ or large rounded masses, brown 
to black on the outside but white or greyish in the 
interior, with a peculiar smell of smoked fish. The 
other brands are also produced in rounded irregular 
masses of various sizes, dark on the outside where the 
rubber has dried, and whitish in the interior where it is 
still wet. In some of the inferior grades putrefaction 
has set in and the rubber when cut open smells very 
unpleasant. This is particularly marked in the African 
rubbers. These latter are of very little importance to- 
day, as the cost of collecting an inferior quality of the 
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rubber makes competition with the plantation product 
very difficult. Low grade rubbers are usually soft and 
plastic. For this reason they act as softeners in rubber 
manufacture. This fact probably explains why small 
amounts still find their way to the market. 


PLANTATION RUBBER 


The introduction of the Para rubber tree (Hevea 
Braztliensts) ito the East was no easy matter, on account 
of the difficulty of securing the seeds in the face of 
opposition from Brazil, and of preserving the vitality 
of the seeds after collection. In spite, however, of these 
hindrances, the late Sir Henry Wickham succeeded in 
bringing a considerable quantity of seeds to Kew, where 
they were planted and a fair proportion germinated. 
The young plants were dispatched to Ceylon in 1876 
in Wardian cases. As early as 1877-8, young plants 
raised from cuttings were dispatched to Burma and the 
Straits Settlements. After the first flowering in Singa- 
pore in 1881, seedlings became available for dispatch 
to other countries. The illustration is of some of the 
original trees in the Singapore Botanical Gardens. 

A new source of supply, which competes on a large 
scale with the South American Hevea rubbers, has come 
prominently into public notice during the last few years. 
This is derived from plantations of H. Braztliensis trees 
in the Malay Peninsula, Ceylon and the Malay Archi- 
pelago generally. The output of plantation rubber 
now much exceeds that of para rubber from Brazil and 
is expected to amount to 650,000 tons for 1929. On 
the average trees do not yield rubber until they are 
four or five years old, even under the most favourable 
conditions. It should be understood, however, that 
maturity in this respect is rather a question of develop- 
ment than age of the tree. This rubber forms the various 
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brands of plantation rubber which differ broadly from 
the native rubbers in the greater care taken in their 
preparation, and the fact that they are marketed dry 
instead of wet, that 1s, with seldom more than one 
per cent of moisture; whereas native rubbers may 
contain anything up to fifteen or twenty per cent. 
Plantation rubber is sold in the form of large blocks, 
oblong sheets usually smoke dried, biscuits, or small 
round sheets, and crépe, or long strips with irregular 
surface. More recently in the form of slabs, plantation 
rubber has been exported in a rather moist state with- 
out curing. 


METHODS OF CULTIVATION 


It was at first thought that the plant would only grow 
on moist, preferably periodically inundated, ground and 
near the sea level. This, however, has proved not to be 
the case, and good results have been attained in Ceylon 
up to an elevation of 2,000 feet, and in some cases even 
higher, but the growth 1s then much slower, and the trees 
are much older before they can be tapped. 

The other requirements are practically those indicated 
as existing in the Amazon valley, ie. a rainfall of 
about 100 inches per annum, and a mean annual tem- 
perature of about 80° F. The plant grows very rapidly 
from seeds, the seedlings being raised in nurseries. 
These usually consist merely of patches of land, where 
the soil has been prepared and fenced in if necessary. 
After one or two years’ growth, the tops of the young 
plants are cut off, the plant pulled out of the ground, 
and the root trimmed. The young plants, known in 
this state as “ stumps,” are then planted out in the open 
and generally throw out fresh shoots after remaining dor- 
mant for two or three months. The distance apart the 
plants are set depends on circumstances. If eighteen 


12 RUBBER 


feet by eighteen feet we get 135 trees to the acre, whereas 
twenty feet by twenty feet reduces the number to 109. 
In the early days it was considered advisable to plant 
comparatively closely, and to tap the trees until they 
become crowded, and then by removing the worst give 
the others room for further development. In this way 
a large yield would be obtained during the first two or 
three years after the trees came into bearing. It has 
been found, however, that it is not easy to remove trees 
closely planted without damaging their neighbours, and 
the roots and stumps left in the soil are always a source 
of danger, as encouraging white ants and fungus pests. 
Nevertheless it has been found imperative to thin planted 
areas, even when wide planting has been adopted. 


CATCH CROPS AND CLEAN WEEDING 


During the first four years, catch crops, such as ground- 
nuts, cassava, bananas, cotton, etc., can be grown. 
Sometimes the rubber plants are set amongst matured 
coffee or tea, with the idea of removing the coffee or tea 
altogether later on, i.e. gradually transforming a tea or 
coffee estate into a rubber estate. 

Rubber planted among tea or coffee does not grow so 
rapidly in the early stages as on newly cleared land. 
Much rubber in the Malay Peninsula has been planted 
on land from which one or more crops of cassava have 
been taken. This latter is an exhausting crop and the 
land is usually abandoned after the third crop. It 
is only to be expected that the growth of rubber trees 
on such land will be somewhat retarded, at any rate 
during the early stages. The same applies to old coffee 
land. As regards clean weeding, it is now recognized 
that it is a mistake to leave the land between the young 
trees bare and exposed at one time to the heat of the 
tropical sun, and at another to the wash of tropical 
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rains, although it has been found in practice that if 
the weeds are to be kept from choking up the young 
trees the simplest course is to keep them out altogether ; 
early attempts to cultivate plants such as the wild 
passion flower or crotalaria to cover up the soil were not 
successful, but more recently ‘‘ vigna ” and other plants 
have been used with great advantages. In the Malay 
Peninsula cleared land is choked up with a miscel- 
laneous growth in a very short time; a few heavy 
showers followed by a few days of sunshine, and land 
which was bare soil will be covered with a thick growth 
of weeds, which in two or three months may reach a 
height of five or six feet. Prominent among these is 
the Lallang, a very coarse grass growing to a great height 
and exceedingly difficult to eradicate. Rubber planted 
on sloping ground requires special precautions to prevent 
excessive wash and loss of surface soil. For this it is 
customary to dig ditches in the form of terraces which 
follow the contour of the land, and also catch pits have 
been found effective. 


PESTS AND DISEASES 


It used to be the general custom to leave the stumps 
and half burnt tree trunks on the land to be planted 
after the jungle trees had been felled and burnt off. 
The ground was thickly strewn with them and they took 
years to rot away and disappear. An example of this 
method of clearing and preparation for planting is 
shown in the illustration on page 10. The more pro- 
gressive estates have now cleared the timber off the 
land in spite of the considerable expense involved, as 
the rotting wood harbours a dangerous fungus pest, 
fomes lignosus, which attacks the roots of the Hevea 
tree with fatal results. This fungus has been found on 
trees of all ages, and if allowed to spread would destroy 
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acres of rubber in two or three years. It is very com- 
mon all over the Malay Peninsula, although not difficult 
to cope with if detected and dealt with in the early 
stages; the affected tree is dug up, burnt, and the pit 
limed, while its immediate neighbours are surrounded by 
a shallow trench, so that if the fungus has spread to these 
as well they are isolated from the rest of th: plantation. 

Fomes lignosus forms white thread-like filaments on 
the roots of the tree and spreads from one tree to those 
adjoining where the rootlets interlace. On dead wood 
it forms fructifications, and the spores may be spread by 
natural agencies to distant parts of the plantations. There 
are other fungoid growths, such as nectrta (canker), and 
other diseases which attack the bark. Also a leaf fungus 
which causes the leaves to fall prematurely. For detuils 
the reader is referred to The Physiology and Diseases of 
Hevea Braztliensis, by T. Petch. White ants (termes 
gestvot) give a little trouble on some estates, and when 
the trees are young damage is often done by wild deer and 
even by monkeys. A recent disease is the corticium 
Javamicum from the Island of Java, which has been 
detected both in the Malay Peninsula and Ceylon. It 
forms a pink growth on the branches, 


SYSTEMS OF TAPPING 


As is pretty obvious, some trees will be lost by one 
means or another and the vacancies are filled in with 
fresh supplies. At a certain stage in their growth, 
seldom less than four years after planting out, the trees 
are ready for tapping. The time when tapping can begin 
depends on the trees attaining a sufficient size, which 1s 
judged by measuring the girth three feet from the 
ground; eighteen or twenty inches is usually con- 
sidered sufficient. Of course, trees planted at the same 
time do not all reach this stage together. It is usual 
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to go out into the field where the trees are “ coming 
into tapping ”’ and “‘ mark out ”’ those that have attained 
the required size by scoring them with a V shaped gouge 
along the lines where the cuts are to be made. 

A great many arrangements of cuts have been tried. 
most of which have been abandoned. The system, 
now abandoned, was the “ herring-bone ” or a modifica- 
tion of this, the “ half herring-bone.” Cuts were made 
on the bark, branching at an angle of about 35° on either 
side of a shallow vertical groove four or five feet long 
which served to guide the latex oozing from the side cuts. 
In this way there might be as many as ten or twelve 
sloping cuts on one side of the tree, covering half the 
“tappable ’’ area (Fig. a). The tree was furnished with 
a little tin spout at the bottom of the vertical cut, from 
which the latex dripped into a cup placed at the base of 
the tree. In the half herring-bone (Fig. 6) there were 
still half this number of cuts. It was found that some 
cuts yielded more than others, and almost, if not as 
much latex was obtained with only two cuts if the 
results were taken over a long period. This led to the 
introduction of the basal V (Fig. c). To-day even this 
system has been found too drastic, and at the present 
day most tapping is restricted to a single cut. The main 
reason for restricting the number of cuts was the necessity 
which gradually became apparent of conserving the bark 
or more properly the cortex. 

The process of tapping, which may be done every day, 
or at less frequent intervals, consists in paring away 
a thin shaving of bark from the lower surface of the 
branch cuts. This opens the latex vessels, the ends of 
which become eventually plugged when the flow ceases 
and are opened again at the next tapping. In this way 
the bark of the tree is gradually pared away from above 
until the whole of the bark on one side of the tree is 
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removed. All the while, however, fresh bark 1s re-form- 
ing. Each day, or every other day, a thin shaving is 
pared away so that the cut descends at the rate of an 
inch in sixteen to twenty-five days, tapping every day. 
When all the bark is pared away from one side of the 
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tree, a start is made on the opposite side. In this way 
the whole of the bark of the lower four or five feet of the 
tree 1s removed. 

It used to be thought that four or five years would 
suffice for the complete renewal of the bark, so that at 
the end of this period tapping on the renewed surface 
could begin again. It has, however, been found that 
this estimate was unduly optimistic, and that eight or 
ten years are required, although a great deal depends on 
the vigour of the trees, distance of planting, situation, 
and a number of other factors. To economize in bark 
surface, tapping every day has been generally replaced 
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by tapping on alternate days or even every third day. 
Another method is to rest the tree half the time, that 
is, tap regularly, say, for three months, and then rest 
for three months before tapping again. 


WouUND RESPONSE AND COLLECTION OF LATEX 


The latex flow 1s very irregular, individual trees 
yielding a varying quantity. Sometimes one tree out of 
several hundreds will yield ten or twenty times the aver- 
age quantity and sometimes trees run dry altogether and 
yield nothing. When a tree is tapped for the first time 
the flow is almost negligible and only a few milky drops 
issue from the freshly pared surface, but each day the 
quantity increases until the full flow is obtained. This 
susceptibility of the bark to repeated wounding is known 
as the “ wound response,” and is the reason why much 
larger yields of rubber are obtained than the early 
planters originally anticipated. 

Rubber estates are usually partitioned off into divisions 
of a few hundred trees, to each of which is apportioned 
one or more tapping coolies whose business 1t is to tap 
the trees. A start is made at sunrise, as the flow of latex 
is better early in the morning. The bark shavings 
may be kept as rubber adheres to them. A little latex, 
too, remains in the branch cuts which dries down and 
can be stripped off. These form two of the varieties of 
plantation “scrap” rubber. A coolie goes round with a 
pail an hour or two after tapping when the latex has 
ceased to flow and empties the cups, and the pails of latex 
are taken to some central station for coagulation and 
further treatment. When the cups are emptied a little 
latex will remain round the sides. This should not be 
left indefinitely in the cup or it would putrefy and con- 
taminate the latex the next time the cup was used. 
Two methods may be employed for “scraping ”’ the cup, 
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that is, removing this latex which eventually goes to 
yield what is known as “ cup-washings scrap.” The 
latex-collecting coolie may carry round with him two 
pails, an empty one in which the latex is collected, 
and the other half full of water in which each cup is 
washed, Alternatively the latex may be allowed to 
dry down in the cup and then removed in a thin film 
when dry. The latter method is now generally adopted. 

Latex often begins to coagulate before it arrives at 
the coagulating station. This is almost entirely due 
to shavings of bark which fall into the latex cups and 
form centres for coagulation, and results in the latex 
containing a number of lumps of various sizes of semi- 
coagulated rubber which must be removed before the 
latex is strained. These lumps are separately treated 
and form another variety of scrap. In addition, there- 
fore, to the rubber (sheet, crépe, etc.) prepared from the 
liquid latex, or first latex, which amounts to about 75 
per cent of the total yield, there are the following varieties 
of scrap which are usually worked up and marketed in 
the form of crépe rubber— 

(1) Lump rubber 

(2) Cup washings 

(3) Rubber stripped off the cuts, or tree scrap, 9 per 

cent. 

(4) Bark rubber, 4 per cent. 

(5) Mud, or earth rubber, 2 per cent. This last, the 
most inferior quality, is obtained from latex which has 
been spilt from the cups or flowed down the bark of the 
tree in wet weather and coagulated in the soil beneath. 


10 per cent. 


LATEX COAGULATION AND RUBBER DRYING 


The treatment of latex in the rubber factory depends 
on whether or not it is intended to wash the coagulated 
rubber in the ordinary two-roll rubber washing machine. 
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The latex always contains bits of bark, shavings, leaves, 
twigs and other impurities, besides lumps of coagulated 
rubber. It must be freed from these impurities by 
straining through a fine mesh sieve. The strained latex 
is poured into shallow circular or oblong rectangular pans 
of enamelled iron or aluminium, and to each is added a 
small quantity of diluted acetic acid by stirring. More 
recently large pans or tanks have been introduced with 
movable partitions. The filling up of one of these large 
pans takes much less time than a number of small pans. 
When full, the partitions are put in place. After coagu- 
lation they are removed and the sheets taken out. 
Standing a few hours is sufficient to cause the whole mass 
to set after the addition of about one part of acetic acid 
to 500 or more of latex, and the whole forms a solid mass 
like a junket, but much tougher and harder. The next 
day the cakes are taken out and most of the liquor may 
be squeezed out with a rolling pin on a board, if the cake 
is small, or by passing through an ordinary wooden 
mangle. Nowadays, on large estates making sheets, 
steel rollers with diamond-shaped markings have become 
general, with the name of the estate engraved on the 
roller so that all sheets are marked and can be identified 
as the produce of the estate. The first plantation 
rubber was made in the biscuit form, as the planters 
used soup plates, the first things that came handy in 
which to coagulate their rubber. Both biscuits and sheets 
must be dried before they can be packed for export, 
and for this purpose are laid out on wire gauze shelves, 
or else hung up in a loft out of the sunlight, but with as 
good a ventilation as possible. Drying rubber is a 
long and tiresome process, particularly in a climate 
where the air, although hot, is at times practically 
saturated with moisture. The drying may take several 
weeks. The white surface turns dark like the surface 
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of a cut apple, and the mass gradually shrinks until it 
eventually gets translucent, the last traces of moisture 
showing through as white patches where the sheet is 
thicker, and therefore slower in drying. The sheet is 
not properly dried until the rubber is everywhere 
translucent. Sheet rubber is now seldom marketed in 
the air-dried state for these reasons, and also because 
such rubber always goes mouldy, but is smoked by hang- 
ing in the upper part of a “‘smoke-house.”” On the earth 
below fires are lit, which are kept smouldering so as to 
produce plenty of smoke but no flame. The rubber dries 
more quickly thus than in air. It is impregnated with 
smoke and consequently it does not so easily get mouldy. 
This is sold as “ plantation smoked sheet.”’ 

The process for the production of sheet rubber 
is carried out on a large scale, although on many 
estates a different method is frequently adopted; only 
part of the rubber may be worked up in the form of 
sheet. The latex is coagulated in a few large containing 
vessels in the place of a large number of smaller ones, and 
the coagulated rubber is then washed in a stream of 
water while being passed repeatedly between the rollers 
of an ordinary rubber washing machine. The machine 
flattens out the rubber into long strips usually eight or 
ten inches wide with an irregular uneven surface due to 
the tearing action of therollers. This when dried comes 
on the market as crépe. 

For some purposes the colour of the rubber 1s of 
importance and a premium is put on very pale rubber. 
This effect is easily obtained by heating the rubber, 
which destroys the enzymes or ferments which produce 
the darkening in colour. This treatment, however, 
damages the rubber, and pale crépe is now produced 
by adding a small quantity of sodium bisulphite to the 
latex before coagulation. A very small quantity such 
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as one to two parts per thousand parts of latex, is all 
that is required. This improved treatment has resulted 
from the investigations carried out by the scientific 
staff of the Rubber Growers’ Association. 

The scrap rubber from various sources being dirty, 
is generally washed and sold in crépe form. It may 
usually be distinguished by its dark colour from the 
best grades, which are pale. Plantation rubber is almost 
always marketed in the form of either crépe or sheet. 

The best plantation rubber, whether it be dark or 
pale, is always translucent, except after exposure to 
winter cold, when it becomes opaque. The “ frozen ”’ 
rubber is easily thawed, when it regains its transparency. 
Owing to the fact that plantation rubber is thoroughly 
dried before exporting, cases of putrefaction are rare, 
but some trouble is occasionally experienced with sheets 
and biscuits, air-dried or insufficiently smoked, owing 
to the growth of mildew on the surface. A good deal 
has been written about “tacky ’’ rubber, or rubber 
which on arrival in Europe is found to be soft and sticky, 
or partially decomposed. This is not uncommon with 
some of the lower grades of wild rubber, but is compara- 
tively seldom met with in the plantation product. 

It is, of course, impossible to prevent a certain amount 
of stickiness in the case of the lowest grades such as 
earth rubber. Where, however, the better grades, 
particularly first quality crépe and sheet, show any 
tackiness, it is almost entirely due to carelessness in 
preparation. While sheet is almost invariably satis- 
factory, crépe occasionally shows signs of tackiness due 
to contamination with oil containing ground particles of 
copper alloy from the bearings of the créping machines. 
Cases have also occurred where rubber has become tacky 
through being exposed to bright sunlight. 

A few years ago rubber manufacturers were almost 
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unanimous in declaring plantation rubber inferior to 
some of the wild sorts, in particular to fine Para, and 
various theories were put forward to explain the sup- 
posed inferiority of plantation rubber. Among others 
it was stated that the seeds from which the Eastern 
rubber trees have sprung were collected from a district 
(Tapajos) in Brazil which does not yield the best class 
rubber. This has been denied by Wickham who col- 
lected the seeds. Attempts have been made to dis- 
tinguish between the different varieties or sub-species of 
Hevea and the quality of rubber yielded, but authorities 
differ, some stating that the prefa or black tree, which 
gives such fine yields, cannot be distinguished from the 
branca, which is supposed to yield only a weak quality 
rubber. Now, however, that manufacturers have had 
more opportunity of gaining experience with plantation 
rubbers, many of them admit that much plantation 
rubber is equal to or even better than the fine hard 
Para formerly regarded as the best rubber on the market. 
However this may be, the frequently repeated state- 
ments as to the superiority of fine hard Para rubber have 
led to attempts to prepare rubber in this form in the 
East. The labour entailed is considerable, and the 
method is generally recognized to be inapplicable to the 
conditions on rubber estates. Moreover, rubber so 
prepared in the East has not been favourably received 
by the manufacturers. Several machines have been 
devised for the more rapid preparation of this form of 
smoked rubber. Most of these machines are on the 
drum principle, that is to say, a drum is revolved in a 
smoky atmosphere and the latex applied in a thin film 
to the internal or external surface of the drum. When 
a sufficient number of layers have been applied in this 
manner, the band of rubber is slit with a knife and 
removed. Various difficulties arose in working these 
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machines, particularly in applying the latex in an even 
continuous layer. Further, the output is relatively 
small and the process is expensive owing to the heavy 
consumption of fuel, nor is the quality of the rubber any 
better than that of smoked sheet properly prepared— 
indeed, we should prefer the latter. Mention may also 
be made of sprayed rubber, prepared by spraying the 
latex into hot air. The fine droplets dry and collect 
on the bottom of the chamber as a ‘‘ snow” which is 
swept up and pressed into blocks. The use of such 
rubber has some disadvantages from the manufacturer’s 
standpoint. 

As very little rubber produced to-day is derived 
from wild sources, it follows that manufacturers are 
now mainly dependent on plantation supplies, which 
produce 93 per cent of the total world’s output. Of 
plantation rubber, about 40 per cent is produced by 
British companies, 30 per cent is native rubber—that is, 
from smallholdings—10 per cent is produced by Dutch 
companies, 12 per cent by Asiatics—mainly Chinese, 
and the remaining 8 per cent by French, American, and 
other companies. 


CHAPTER III 
OTHER RUBBER-YIELDING TREES 


THESE are to-day of very little importance, as they yield 
only 2 or 3 per cent of the rubber supplies available. 
As the total American (South and Central) production 
is only 7 per cent, and the bulk of this is from the Hevea 
Braziltensis, that is, the Para rubber tree, a very short 
mention of other rubber yielding trees is all that is 
necessary. 

Castilloa (or Castilla) Elastica, the Spanish name of 
which is Ule, is a native of Central and some parts 
of South America. It has been extensively planted 
in Mexico and other parts of Central America. The 
plant has been known to science longer than any of the 
other rubber-yielding plants, and was first described by 
Cervantes at a meeting of the Royal Botanic Garden 
of Mexico, in July, 1794. The rubber passes commer- 
cially under a great variety of names, mainly denoting 
the country from which it has been obtained. 

The trees cannot be tapped in the same way as Hevea, 
as the latex starts clotting and the rubber globules 
begin to separate as soon as the latex exudes from 
the cuts in the trees. This interferes with the flow and 
makes it difficult to collect in a cleanly manner. The 
bark of the Castilloa, too, is harder and it does not show 
the “ wound response.’”’ The trees are therefore tapped 
at intervals of a few months only, but then yield many 
times what would be obtained from a single tapping of 
Hevea trees of the same age. On standing, the rub- 
ber globules rise to the surface of the latex like cream, 
and they may be conveniently washed by stirring up 
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repeatedly with fresh quantities of water and then draw- 
ing off the wash waters from the bottom, or by centri- 
fuging in the same way as cream is separated in a cream 
separator. It is not easy to get the globules to untte 
to a cake of rubber; heating is usually necessary, or 
alcohol in some form may be added. Much of the 
rubber is obtained from latex which is allowed to dry 
down on leaves or on the trunk of the tree itself. 

A characteristic of the rubber is the very dark colour 
of the dried outer surface, the latex from this tree 
containing a dark colouring matter. 

Ceara or manigoba rubber is obtained from the 
Manshot glaztovit, a tree of the Spurge order (Euphor- 
biaceae). This tree grows only to a medium height, 
but is remarkable on account of the rapidity of its growth 
and the early age at which it begins to yield rubber, 
which may be put at three to four years. The rubber 
comes chiefly from the province of Ceara in the Brazils ; 
it is translucent and of a yellow to brown colour. The 
yields of rubber from planted trees have been disap- 
pointing. 

As stated, Ceara rubber tree grows with tremendous 
rapidity, plants raised from seed often reaching to ten 
or more feet in height within one year and thirty feet 
by the end of the second year. Once seen the trees are 
easily recognized by their spreading habit, their five- 
lobed, curiously bluish-grey leaves, and the bark is thin 
and very hard ; it peels off in thin sheets or strips. The 
plant will thrive in places absolutely unsuited to most 
cultivated plants. Rocky and stony soils of poor 
quality and arid districts present no obstacles to it. 
Trees raised from seed can be tapped when about fpur 
to six years old. The thin outer layers of bark are 
usually removed, and either the whole surface scraped 
sufficiently deep to allow the latex to escape, or incisions 
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made here and there with a knife. The latex is very 
liquid and flows readily. 


RAMBONG AND ASSAM RUBBERS 


These are derived from the Ficus elastica, a tree 
growing to enormous size in Assam and various parts of 
Malaysia. Like the well-known Banyan tree it throws 
out aerial rootlets which fix in the soil and rapidly 
increase in thickness so that the fully-grown tree is 
supported on a tangle of trunks instead of one central 
one. These frequently have exactly the appearance of 
props fixed as if to bear up the branches. The leaves 
are fleshy and of a rich dark green colour, while the new 
shoots are enveloped in a brightred sheath. The plantis 
familiar to most people as the India-rubber plant, to be 
seen in houses and conservatories in this country. It 
is extremely hardy and has been largely planted in the 
East, particularly in Assam and Java, where it is also 
indigenous. The latex, which is very white in colour, 
flows rapidly on cutting the bark, but the wounds must 
be made deep to obtain a good yield. Fresh cuts require 
to be made at each tapping and the tree has an incon- 
venient habit of throwing out aerial rootlets from old 
wounds. The latex remains liquid for almost any length 
of time, but can be coagulated by heating and stirring, 
or by adding an alcoholic liquid. It may also be coagu- 
lated by mixing with a small proportion of Para latex. 
When acid is added to the mixture the coagulation of the 
Para carries the Rambong latex with it, although the 
latter is by itself not coagulated by acids. The rubber 
may also be obtained by allowing the latex to dry 
down, as often happens, on the branches and trunk of 
the tree. Sometimes mats or leaves are placed on 
the ground underneath the trees on to which the latex 
is allowed to drip. 
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The freshly-coagulated rubber is often pink in shade, 
as also 1s the wood of the tree. This is probably due to a 
ferment in the latex, and it is difficult to prepare the 
rubber in such a way as to keep it pale in colour. 


FUNTUMIA RUBBER 


Lagos silk rubber is the product of the Funtumia 
élastica, a native of tropical Africa. It will often be found 
referred to as Kickxia elastica, but the true Kickxias 
are all Malayan, whilst the Funtumias are African 
plants. The tree occurs in Liberia, the Gold Coast, 
Lagos, and Southern Nigeria, the Cameroons, the Congo 
and Uganda. Until quite recently it was thought to be 
entirely confined to the West Coast of Africa, but Mr. 
M. T. Dawe, in the course of his botanical exploration 
of the Mabira Forest, Uganda, found it there also, an 
important discovery materially altering our ideas of its 
geographical range. Funtumia belongs to the same 
natural order as the Landolphias, and, like them, 1s 
related to our common garden Periwinkle. Its flowers 
are white or yellow and the seeds are very character- 
istic, each bearing a beautiful silky plume about two 
inches long, by means of which they can float through the 
air like thistledown, and may often be found travelling 
about through ‘ West Coast ” forests. 

Quite a number of companies were formed to cultivate 
the tree, but their experience has been disappointing 
and the yields low. The latex, like that from the 
Castilloa and Ficus trees, is not easily coagulated, and 
to effect this, similar means have to be adopted, that 
is, heating, etc. 


LANDOLPHIA RUBBERS 


These rubbers are obtained from various species of the 
genus Landolphia, popularly known as vine rubbers, 
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as they are climbers. They correspond to the British 
“ periwinkles ” (Vinca), whose stems also exude a milky 
Juice or latex, although this is not rubber-yielding. The 
Landolphias are found mostly in Africa and Madagascar. 
They grow to a great size, climbing to the tops 
of the highest trees and developing heavy twisted rope- 
like stems of hard wood. Many species bear sweetly 
scented flowers in profusion, often succeeded by large 
brightly coloured and sometimes edible fruits. 

Collection of the rubber is in the hands of natives. 
The methods are naturally very primitive. The thick 
woody stems are hacked with knives and the latex which 
exudes is caught in earthenware vessels and coagulated 
with acid juices, or allowed to drip on to leaves and there 
dry down. It is also recorded that in some parts the 
native smears the latex over his body and strips it off 
when it is coagulated. One can well understand that 
the native ts not too particular in his methods, and the 
African rubbers are among the dirtiest on the market. 
The stench emitted on washing in the factory has in some 
cases been so repulsive that their use has been restricted. 
To-day they are hardly met with, and some rubber 
manufacturers could not use them at any price, having 
dispensed with their washing plant. 

The so-called root rubber is also obtained from a 
species of Landolphia, viz., L. Henriquestana, but is 
not really obtained from the roots but from the rhizomes 
or underground stems. There is also a rubber obtained 
from the tuber of the Ecanda. Samples examined by 
the authors were clean and the rubber was of fair quality. 


INFERIOR GRADES AND PONTIANAC 


We have now learnt something about the more 
important rubber-yielding trees and the methods by 
which the rubber is extracted. There are, however, 
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other natural products which may be classed as rubbers, 
although of inferior quality, however carefully they may 
be prepared. As already explained, there are numerous 
tropical trees which yield a latex consisting of caoutchouc 
or caoutchouc-like substances with a large proportion 
of resinous constituents. In this group must be classed 
some of the species of castilloa, ficus, etc., which yield 
a rubber of low commercial value, but there are a large 
number of others not previously mentioned which may 
be grouped in this class.) We have examined such 
products collected both in Africa and the East. Of 
these the most important is Gutta Jelutong, also known 
as Pontianac or Dead Borneo, a soft white or grey 
mass containing a large percentage of moisture and 
coarse impurities which are difficult to remove. It is 
derived from different species of Dyera, in particular 
Dyera Costulata, and may be prepared for manufacturing 
purposes by heating with a quarter to half its weight of 
linseed oil, The thick semi-liquid mass is then strained 
through fine mesh gauze under pressure, or the straining 
may be carried out without the addition of oil by using 
sufficient pressure and keeping the mass hot enough. 
In this form it was largely used, especially on the Con- 
tinent, for compounding with other rubbers in the 
manufacture of certain classes of cheap rubber goods. 
To-day it is hardly used by rubber manufacturers, and 
the main outlet for the material is manufacture of 
chewing gum. 


GUAYULE RUBBER 


This account of the commercial raw rubbers would 
not be complete without a reference to Guayule rubber, 
which is obtained from a shrub growing wild over large 
tracts of country known as “ bush prairies ” in Mexico. 
The rubber is not obtained by tapping, but the shrubs 
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are gathered whole, or we may say harvested, and taken 
to large factories where the material is worked up on 
scientific lines. Considering the unpromising character 
of the raw material, the rubber obtained is surprisingly 
good, and by suitable purification and deresinification 
yields a product from which tyres can be manufactured. 

The shrub belongs to the natural order Compositae, 
and is known botanically as Parthenium Argentatum. 
It usually grows to a height of two to three feet, the 
wood is hard, yellow in colour and heavy. It contains 
90 % of the rubber in the plant. The leaves are of a 
silvery green, and the flowers small and whitish in colour. 
It grows best on a shallow rocky soil at a considerable 
altitude with small annual rainfall, and a wide variation 
in temperature. 

The shrubs are cut down and delivered to the factory 
where they should be worked up as quickly as possible. 
The plants are cut up and ground so that when mixed 
with water the rubber floats to the surface leaving the 
heavy wood and debris at the bottom. It is, however, 
better to grind with weak caustic soda solutions which 
dissolve part of the resins and most of the dark gummy 
colouring matters, so that a pale amber-like product 
results. This is capable of further purification by suit- 
able solvents. In spite, however, of this treatment 
samples analysed by the authors seldom showed less 
than 15 % of resinous matter, while dark cruder 
products contained over 20 %, besides much moisture. 


PART II 
MANUFACTURING PROCESSES 


CHAPTER IV 


PRELIMINARY TREATMENT 


IN previous chapters we have described the production 
of raw rubber from the latex and we shall now proceed 
to show how this rubber is made up into manufactured 
goods. 

The raw rubber is stored in vaults at the wharves 
in the ports as it is received. Of these London and 
Liverpool are of first importance. Here it is sampled, 
that is to say, a few pieces are removed as nearly as 
possible representative of the whole consignment. On 
these samples the rubber is subsequently sold. 


RUBBER WASHING AND BLENDING 


Arrived at the factory, the first process consists in 
washing and drying the raw rubber. Most plantation 
rubber is clean and dry and hardly requires any further 
treatment. The reverse, however, is the case with other 
rubbers, and so accustomed are manufacturers to wash- 
ing and drying all their raw material that when planta- 
tion rubber first came on the market they insisted on 
putting this, too, through the machines, and for some 
purposes still continue to do so. Now, however, many 
plantations have justly acquired a reputation for rubber 
free from all dirt and moisture, and as we pointed out 
many years ago, manufacturers are now satisfied in 
many instances to take these brands as they are without 
further treatment. 
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Now that plantation rubber forms so large a proportion 
of the world’s total production, the washing and drying 
departments of the rubber factory are utilized to a lesser 
extent than previously. 

While on this topic mention should be made of a 
tendency at one time noticeable, both in this country and 
on the Continent, to erect factories solely for the purpose 
of washing, drying, and preparing rubber. It is agreed 
that these processes can be carried on more economically 
on a large scale where a number of different brands can 
be treated, and, if necessary, blended to give the manu- 
facturer a raw material of the exact grade and quality he 
requires. However, as indicated in the earlier editions 
of this book manufacturers will not trust others with the 
washing and blending of their raw rubber supplies. 

The process of washing rubber in the rubber factory is 
carried out in exactly the same manner as on the planta- 
tion, but the rubber requires some preliminary treatment 
before it is ready for the rollers. The raw rubber, if in 
large lumps, is cut into smaller pieces, usually by hand. 
These pieces are thrown into a tank containing water kept 
warm by a pipe carrying live steam. The dry rubber 
gradually absorbs moisture and swells and the lumps get 
softer and can be better treated between the rollers. The 
length of treatment in hot water varies with the nature 
of the raw material, which is removed as soon as it is 
sufficiently soft. 

It is difficult to describe the action of washing rollers 
to those who are not familiar with this type of machinery. 
As one roller moves faster than the other, there is a sort of 
grinding or tearing action on the rubber which is held 
back on one side by the slower moving roller and dragged 
forward by the other; at the same time it is submitted 
to considerable pressure. The net result of passing 
once or twice between the rollers is to reduce the rubber 
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to the form of sheet with a very torn and irregular 
surface. To give the rollers a better grip they are grooved 
on the surface with spiral or diamond-shaped markings. 
Under the combined influence of the squeezing and 
tearing action, particles of dirt, bark, etc., are forced 
out, in some cases thrown out by the elastic rubber 
and carried away in the current of water which is kept 
playing on the rubber all the time. From the grooved 
rollers the sheets are taken to the smooth rollers which 
have a similar action to the former, but reduce the rubber 
to a much thinner and more even sheet. This facilitates 
the next process, the drying. 

Washing-rollers (Fig. 1) are very strongly constructed 
and are usually driven direct from the main shafting by 
spur wheels and pinion, with a suitable clutch, although 
belt driving is sometimes preferred. The rollers are 
provided with safety appliances, so that they are readily 
thrown out of gear in a moment by pulling a hinged rod 
or cord, as their crushing power is tremendous, and there 
is a possibility of a careless operator getting his hand 
drawn in. The driving-shaft and clutch are seen in the 
lower part of the machine. The safety rod is imme- 
diately above the rollers. Pulling this releases a lever 
which allows a heavy arm to drop and throws the 
clutch out of gear. The two screws seen in front of 
the machine are for the purpose of adjusting the distance 
between the rollers. 

There are two other types of washing machines used 
to a limited extent. The first of these, an internal 
washing machine, has been found the most effective 
for washing dirty rubbers with the minimum amount of 
mechanical effect. It consists of a pair of rollers in a deep 
trough, the rollers move at the same speed, and are much 
more deeply grooved than the ordinary washing rollers 
and work under water. The rollers are made with 
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peculiar wavy grooves and are placed at the bottom of 
the trough. The impurities are carried away through 
gratings in the sides of the vessel. It requires little 
attention, being more or less automatic ; the charge of 
rubber is put in and the machine left for half-an-hour or 
longer till the washing 1s complete. 

The other type is also partly automatic, and is now 
little used except for washing balata and gutta-percha. 
It is similar in build to the papermaker’s hollander, and 
consists of an oval trough with centre partition, between 
which and one side a heavy roller revolves carrying bars 
or knives. The trough is filled with hot water and the 
gutta is opened up between the bars of the roller, and 
similar bars fixed on the bottom underneath the roller, 
and washed clean. 


RUBBER DRYING 

The drying is carried into effect by hanging up the 
strips from the washing machine in festoons in dark or 
darkenedchambers provided with a good natural draught. 
It used to be said that the more gradually rubber is 
dried, the better the results obtained when it is made up 
into vulcanized goods, but no satisfactory explanation 
has, so far, been forthcoming, and the statement requires 
some modificatgéon. There is no doubt that the mechan- 
ical treatment to which the rubber is subjected in the 
process of washing, impairs the physical qualities, or, as 
it is usually expressed, tends to destroy the “ nerve ”’; 
but this only to a slight extent if the treatment is not 
carried too far.1 The same thing applies to an even 
greater extent to rubber in the process of mastication. 

1 Nobody seems to be able to give a satisfactory definition of 
the meaning of the word nerve as applied to raw rubber, but the 
term 1s in constant use. The word nerve may be taken as 


summing up those characteristic physical qualities peculiar to 
india-rubber. 
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Whatever the explanation, the fact remains that most 
manufacturers have found by long experience that slow 
drying is beneficial. Moreover, it is not easy without 
special appliances to dry rubber rapidly. Water passes 
out very slowly from the inner layers to the outer 
layers of a sheet of raw rubber, and if the outer layer 
be dried down too rapidly, it forms a hard impervious 
skin on the surface through which the water from the 
centre passes out extremely slowly. This can only be 
got over by keeping the air partly moist at a moderate 
heat or in a vacuum. The failure of many attempts 
to dry rubber rapidly by means of air draughts produced 
by fans is accounted for by the formation of this thin 
hard skin on the surface. In rapid drying, the surface 
water comes off quickly enough, but the subsequent 
rate of drying shows no improvement. 

Much difficulty is sometimes experienced in drying low- 
grade rubbers. The washed rubber is soft and weak. 
These rubbers get sticky and begin to flow in warm 
weather, and are not strong enough to hold together when 
hung, so have to be dried on trays. 

Of recent years, other means have been adopted for 
drying rubber, especially where additional space for 
drying-rooms is a consideration. The principle em- 
ployed consists in heating the rubber to a tempera- 
ture of 100° F. or thereabouts in a closed vessel, and 
at the same time exhausting the air, so as to produce 
a vacuum. This process 1s carried out in so-called vacuum 
dryers, which consist of a large steam-jacketed box 
provided with removable trays on which the rubber is 
spread. Underneath each tray is a series of steam pipes 
connected with the jacket and supplied with exhaust 
steam. After filling and replacing the trays the box is 
hermetically closed with swing doors and the air and 
moisture rapidly removed by a powerful exhaust pump. 
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At first the water comes away very rapidly from the 
rubber and can be seen pouring off through an observa- 
tion glass attached to the condenser, but as the drying 
proceeds, the water evaporates more slowly and the 
temperature, which has been kept low by the rapid 
evaporation, begins to rise. Manufacturers are divided 
in opinion as to the merits of vacuum drying, owing to 
the temperature to which the rubber is heated in the 
process, Where not used for drying rubber, however, 
these dryers may be found very useful for minerals, 
so-called ‘“‘ drugs,” and other ingredients of rubber 
mixings. 


Loss ON WASHING 


In the course of washing and drying, native wild rub- 
bers lose considerably in weight, as might be expected ; 
partly through removal of grit, bark and other impurities, 
conveniently classed as dirt, and secondly, through loss 
of water. As already explained, plantation rubbers 
being almost always clean and dry lose practically 
nothing; the only exception in this class is some 
of the scrap rubbers, but even these are nearly, if not 
quite, dry and have generally been washed before ship- 
ment. On the other hand, the very best grades of wild 
rubber give considerable loss on washing; even the 
standard fine hard Para loses about 20 per cent, chiefly 
due to removal of moisture. Low grades of wild rubber 
might lose 50 or 60 per cent. 

Elaborate calculations used to be made for basing the 
price of the clean dry rubber on ‘ washing loss,” but 
to-day, with hardly any wet rubber on the market, 
these calculations are hardly ever necessary, and the 
usual list of “ washing losses ”’ of wild rubbers is there- 
fore omitted. 


CHAPTER V 
COMPOUNDING AND MIXING 


VULCANIZATION 


Tuts term is applied to the process or change by which 
rubber is made to combine! with sulphur, the result 
being the formation of vulcanized rubber. This differs 
in certain important respects from the original raw 
rubber in possessing greater strength and being less 
influenced by changes of temperature. 

The process of vulcanization may be brought about 
in several ways. The rubber may be immersed in a bath 
of molten sulphur. On raising the temperature, com- 
bination sets in spreading gradually from the outer 
surface of the rubber to the interior. The method is of 
historical interest, being one of the first discovered, and 
adapted to a time when the means of mixing and com- 
pounding rubber goods was unknown. 

The method employed in the great majority of cases 
consists of bringing the rubber into intimate admixture 
with finely powdered sulphur and heating the mass 
either (1) in moulds, or (2) between steam-heated plates 
in a press, or (3) between layers of cloth, or (4) simply 
unconfined and resting in a layer of chalk. The vulcan- 
ization process is commonly termed “ curing,” and the 
last-named method is known as the “ open cure.” 

For the sake of completeness we may here mention 
another system of vulcanization, termed “cold cure,” 
which is carried out on a considerable scale for high- 
class goods made up from thin sheets. It consists of 

1The combination is undoubtedly chemical, but some consider 
that the cause of the change is physical, or mainly physical. 
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dipping the articles into, or otherwise’ applying, a 
solution of sulphur chloride in a solvent, such as carbon 
bisulphide, to the surface of the rubber. With the help 
of the solvent the sulphur chloride penetrates into the 
rubber and both the sulphur and the chlorine combine 
with the rubber to vulcanize it. 

Mention should also be made of the Peachey process, 
in which the articles are submitted to the action of 
hydrogen sulphide and sulphur dioxide gases. 


MASTICATION OR MILLING 


In order to bring the washed and dried rubber into 
such a condition that it can be mixed with sulphur 
and other ingredients it is masticated, that is to say, 
worked or ground between rollers till it is soft and dough- 
like in consistency. The plant usually employed con- 
sists of two steel or chilled iron rollers with smooth faces 
and so geared that one roller moves faster than the other. 
Except for details in build these rollers resemble the 
ordinary washing machine, but in addition they are 
hollow and bored for the purpose of steam-heating, 
and are so arranged that the workman can turn on steam 
for heating or cold water for cooling as desired. 

A pair of mixing-rollers are shown diagrammatically in 
Fig. d, geared direct to the main shaft. In front are 
screws for adjusting the distance between the rollers, and 
on the top are adjustable cheeks on either side for con- 
fining the compound and preventing it spreading over 
the ends of the rollers. In the figure the same machine 
is shown in section and elevation. 

The operator from long experience judges the tempera- 
ture with his hand, and varies it according to the degree 
of softness desired. When the rubber is soft and of 
poor quality the temperature can be kept low, indeed, 
if raised too high the rubber would stick to the rollers 
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and become unworkable. By correctly adjusting the 
temperature the sheet of rubber follows the slower 
moving roller, which is immediately in front of the 






BARRING 


| 1 


Fic. d.—DOUBLE-GEARED MIXING MILL 
(J. Robsnson & Co.) 


operator, and forms a continuous band round this roller 
on gradually pringing the rollers up to one another. One 
roller has the bearing blocks fixed, while those of the other 
are adjusted by screws on either side of the operator. 
The temperature of the rollers with a good-class rubber is 
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such that the hand can just be kept upon them. The 
friction produced during mastication soon raises the 
temperature, and hence the necessity for a cold water 
supply to keep the rollers from getting too hot. Great 
care is needed when cold rubber is first put into the 
machine, and it is not until it gets warm that it begins 
to flow and work easily. It is, therefore, common to 
provide a hot plate or steam chest, that is, a flat box 
steam-heated on which the rubber intended for mastica- 
tion can be warmed before putting into the machine. 
Large mixers may be rollers eight feet long and a foot 
and a half in diameter, although, perhaps, the commoner 
sizes are of rather smaller dimensions. The general 
tendency is to use larger rollers. 

When sufficiently milled or masticated, an operation 
which may take up to half-an-hour or so, the rubber 
should be soft enough to “ take up ”’ the mineral powders, 
sulphur, and other ingredients, but it is usual to put the 
rubber aside for a time after masticating before proceed- 
ing further with the mixing. For some purposes another 
form of masticator is employed, but more recently 
internal mixers of different types have been introduced 
which are more efficient than the ordinary roller mill. 


MIXING 


The mixing is carried out on the same machines as the 
mastication. These are, as a matter of fact, usually known 
as mixing-mills, or perhaps more shortly as “rollers.” 
The operator has given to him on a tray all the necessary 
ingredients which have been carefully weighed out ready 
for the batch of mixing. He starts with the rubber on 
the rollers, and as soon as this is soft enough he adjusts 
the distance between them so that the layer of rubber 
carried round on the near roller is just too thick to pass 
round it without being carried against the farther roller, 


COMPOUNDING AND MIXING 45 


and thus the plastic mass heaps itself a little between 
them as shown in the illustration (Fig. ¢), in which A 
is the slower moving of the two rollers. 

The operator then shovels the “ drugs ”’ or minerals on 
to the top of the rollers, so that what is not at once caught 
up and buried in the rubber remains in the space between 
the rollers, and is gradually absorbed instead of at once 
falling between them. When all the minerals have been 





Fic. ¢.—ILLUSTRATING POSITION OF RUBBER AND 
ROLLERS DURING MIXING 


emptied on to the rubber, probably some of them will have 
fallen between the rollers and have been caught on a 
tray immediately underneath. The operator sweeps the 
powders out of the tray with a small hand-broom and 
shovels them on to the rubber again, repeating the process 
until the whole of the minerals are absorbed. To help 
the mixing it is a good thing to slit the rubber at an 
angle half-way across with a knife pressed against the 
roller as it moves in front of the operator, and then fold 
the flap over on to itself. This helps to get the mixing 
uniform and prevents the layer of rubber merely passing 
round and round on the roller without drawing the 
minerals in with it. The rollers are next brought up close 
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to the “grind,” and the whole of the batch passed 
through once or twice with the purpose of producing a 
complete admixture and breaking down any lumps of 
mineral imbedded in the rubber. After opening the 
rollers a little and passing through a few more times, the 
mixing is finished and the mass can be sheeted to any 
desired thickness or otherwise moulded as may be 
required. 

The great art in mixing consists in distributing the 
minerals uniformly and regularly throughout the entire 
mass of rubber without overworking it. 

Both the operations of masticating and mixing can be 
carried out on the same machine, but in large works 
separate machines are used at the different stages of 
treating the rubber. Thus, one machine may be kept 
running simply for the purpose of warming up the cold 
rubber, which has got hard on standing, and getting it 
into the plastic condition ready for mixing in the next 
machine. 

More recently the internal mixer, already mentioned 
as suitable for milling rubber, is used to a large extent 
for mixing. These may be very large machines, and are 
provided with an oscillating container above the trough in 
which the powders are placed so that they are gradually 
fed into the rubber. 


CALENDERING 


For most purposes the rubber-mixing is next taken to 
the calendering rollers. The simplest possible form of 
calender consists of two perfectly true and smooth rollers 
one superimposed upon the other, the mass of mixed 
rubber being fed in between the rollers on one side and 
passing out in the form of a sheet on the other. The 
sheet so produced is led to a wooden roller on to which it is 
wound between a layer of cloth as fast as it is formed. 





Fic. 2.—THREE-BOWL CALENDER WITH DIFFERENTIAL GEAR 
FOR FRICTION CALENDERING 
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Most calenders consist of three or more rollers, and the 
sheet formed between the first two is led round the lower 
and then between this and the one below it, and so on. 
The sheet obtained is, of course, more even and regular 
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ROLLERS DURING CALENDERING 


than would be produced by one pair of rollers only. The 
calender rollers are bored for steam-heating, as when 
warm the rubber is, of course, softer and more plastic. 
A three-bowl calender, as shown (Fig. 2), is the type 
most commonly met with. In this machine the two 
bottom rollers are doubly geared so that by means of a 
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clutch, the lever for which is seen in the foreground 
on the left of the illustration, they move either at the 
same speed or the lower one moves more slowly. The 
latter combination is used when friction calendering. 
This will be better understood by reference to the 
accompanying diagram (Fig. f), which shows the 
disposition of rollers, rubber, and cloth when in process 
of calendering. 

A, B and C are the three rollers in section. The 
rubber compound is applied at F and is compressed to a 
sheet between the rollers A and B. It passes round the 
roller B and then between the rollers B and C, where it is 
rubbed on to the upper surface of a layer of cloth from 
the wooden roller D. The two pass on together and are 
wound on the wooden roller E, the layers of cloth pre- 
venting the layers of rubber from adhering to one another. 
With very adhesive compounds an additional separating 
cloth is used. If now the roller C move slower than A 
and B, the friction of the roller B on the surface of the 
rubber will force it into the cloth so that it adheres 
firmly. This arrangement is frequently used for per- 
manently coating a cloth with a layer of compound, as 
in the manufacture of heavy waterproof sheeting and 
tyre canvas 


CHAPTER VI 
INGREDIENTS OF MIXINGS 


WE have referred to sulphur and minerals as ingredients 
of rubber-mixings in addition to the rubber itself. It 
must not be supposed that the latter are only used for 
the purposes of adulteration, or even what may be 
termed the legitimate cheapening of the rubber goods. 
The sulphur, of course, is necessary for vulcanization, 
but some of the minerals confer valuable qualities on 
the vulcanized rubber. Others must, however, be 
described as “‘ fillers ”’; they do not add appreciably to 
the strength or durability of the rubber goods, but only 
load or harden them. Mineral matters employed in 
compounding rubber include such substances as clay, 
chalk, magnesia, asbestos, zinc oxide and other metallic 
oxides and carbonates. 

Besides sulphur and minerals, a large number of other 
substances are used in compounding rubber and included 
in the term “‘ compounding ingredients.” Of these we 
may mention carbon black (or gas black), ground rubber 
waste, reclaimed rubber, rubber substitutes, glue and 
softeners such as pine tar and mineral rubber, and certain 
oils and waxes, such as rosin oil and ceresine wax. In 
addition there is the important group of complex 
organic materials; accelerators and antioxidants, which 
are only added in small quantities, such as half or one 
per cent on the rubber. Colours, in the form of mineral 
pigments or organic dyes, are also frequently required. 

The specific gravity or density of the minerals used 
in the manufacture of rubber goods is a matter of great 
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importance. When buying goods the purchaser is careful 
to take the specific gravity into consideration ; a pound, 
say, of solid tyre of low gravity will go much further 
than one of higher gravity, as in reality a certain bulk, 
not weight, of the tyre, is required to go round the wheel. 
In the early days of the rubber industry, the gravity was 
also a measure of the quality of the goods, as the larger 
the proportion of rubber the lower the gravity. The 
gravity of clean washed and dried raw rubber is well 
under unity, it floats on water, while the minerals with 
which it is compounded, have mostly a gravity of over 
two or three, chalk and clay being two of the lightest 
in common use. In the same way the trade speaks of 
floating qualities, meaning thereby a rubber compounded 
with so little mineral that when vulcanized it still floats 
on water. The rubber manufacturer has to keep down 
the gravity of his goods to within certain limits, and as 
the gravity of the goods depends chiefly on the gravity 
of the components, the use of much mineral, or mineral 
of high gravity, necessitates the use of a large proportion 
of a low gravity constituent to counteract its effect. 
At one time this could only be obtained by the addition 
of genuine new rubber; nowadays, however, there are 
a great many substances, such as the rubber substitutes, 
oils, and waxes, and some of the reclaimed rubbers, and 
bodies like lamp black and gas black, all of which tend 
to lower the gravity of the average rubber goods. If, 
however, the gravity is of little or no value as a test 
of quality, it will remain of considerable commercial 
importance so long as goods are sold by weight and not 
by bulk. Some account of rubber compounding ingre- 
dients will now be given. It may be pointed out that 
though for convenience they are divided into sections, 
any one ingredient may actually fall into more than one 
section. 
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SULPHUR AND VULCANIZATION 


This element is almost always employed in the form 
of the ground mineral or of “ flowers of sulphur,” ob- 
tained by allowing the vapours to condense in cold 
brick chambers. Precipitated sulphur is another form 
which finds application for special purposes. This is 
made by treating solutions of alkaline sulphides with 
acids, and then washing and drying the precipitate 
formed. We have already explained that the vulcaniza- 
tion of rubber, considered from a purely chemical stand- 
point, consists in the combination of rubber with sulphur. 
The extent to which this takes place depends, firstly, on 
the temperature to which the mass is heated and, 
secondly, on the time during which the heating takes 
place. The higher the temperature and the longer the 
time, the further the chemical reaction proceeds, and 
the larger the proportion of sulphur which enters into 
combination with the rubber. There is, however, a 
limit beyond which it is not safe to go, as the vulcanized 
rubber, when over-cured, goes rotten and perishes either 
at once or after keeping for a time, according to the 
extent to which the safe limit has been overstepped. 
Regarded in a chemical light and from another point 
of view, vulcanization is a sluggish reaction, it pro- 
ceeds slowly, and to produce the effect required in a 
reasonable time it is necessary to add a good deal more 
sulphur than will actually enter into combination with 
it. In a vu'canized article, therefore, we have part of 
the rubber “combined’’ and part uncombined or 
“* free.” 


COMPOUNDING 


We may interpose a word here with regard to the 
fineness of division of rubber compounding ingredients. 
Generally speaking, the smaller the particle size, that 
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is, the greater the state of subdivision, the more valuable 
the material as a compounding ingredient for rubber. 
The finely divided material is said to have a reinforcing 
effect on the rubber which is quite different from the 
mere filling effect of large-particled materials. Two 
ingredients now to be described are used in large pro- 
portions in goods like tyre treads where it is desired to 
make a hard and very tough compound. 


GAS BLACK 


This material results from the incomplete combustion 
of natural gas which comes to the surface of the earth in 
parts of the United States of America. The flame is 
allowed to impinge on a cooled moving metal surface, 
from which the deposited carbon is removed by a scraper. 
“Gas’’ or carbon black is perhaps the reinforcing 
ingredient par excellence, and is known to have the 
smallest particle size of all rubber compounding in- 
gredients. A tyre tread may contain about 20 per cent 
of gas black on the rubber which greatly toughens it 
and improves its wearing qualities. Other types of 
black are acetylene black, lampblack, and thermatomic 
black. The specific gravities vary from 1-5 to 1:8. 


ZINC OXIDE 


This is one of the most expensive but at the same time 
most serviceable of minerals for rubber mixings. It is 
a good toughener, like carbon black, but it also imparts 
strong resistance to tearing in the rubber compound 
containing it. It is usually necessary also to add zinc 
oxide in small quantities to all rubber compounds 
vulcanized by the aid of organic accelerators, in order 
to bring out the full activity of the latter. The specific 
gravity is high—about 5:5. 

5—(1466) 
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FILLERS 

In the opposite category to gas black and zinc oxide, 
we have the mineral fillers which have relatively coarse 
particles. These are entirely inert towards the rubber, 
and tend to increase the “ tearability ” of the vulcanized 
product. A good example is barytes (or barium sul- 
phate). This mineral has a specific gravity of 4-4 and 
therefore adds considerably to the weight of goods 
containing it. Its chief application lies in the manu- 
facture of floor tiling, where it is often desired to impart 
a heavy and “dead ”’ feeling to the rubber. By pre- 
cipitating 25 to 30 per cent of zinc sulphide on to barytes 
a pigment termed lithophone (specific gravity 4:2) is 
obtained which, owing to its high barytes content, is 
to be regarded as a filler but which is also used as a 
white pigment. 

There is a large intermediate class of mineral and 
inorganic substances which are used as compounding 
ingredients and which, although used often primarily 
as filling and cheapening agents, have also some rein- 
forcing action. Such materials are clay (specific gravity 
2:6), chalk or whiting (specific gravity 2-7), French 
chalk or talc, a magnesium silicate (specific gravity 
2:8), asbestos, kieselguhr or fossil flour (specific gravity 
2:4), calcined magnesia or magnesium oxide (specific 
gravity 3-4) and magnesium carbonate (specific gravity 
2-2). In addition to filling and reinforcing action, some 
of the above have special applications. Asbestos finds 
employment in goods which are subjected to heat during 
use, and is often employed when a toughening effect is 
required. Light magnesium carbonate behaves similarly, 
and is used for tough compounds. Magnesia is used in 
two grades, heavy and light, the latter having much 
smaller particles, and whilst both act as accelerators, the 
latter is the more effective. Clay is to be had in various 
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grades, the finest colloidal clay being the best for 
compounding rubber. Too great a proportion of clay 
in rubber goods leads to the tendency for tearing easily, 
and should therefore be avoided. 

Another class of fillers are wholly or partly organic in 
nature, such as the rubber “‘ substitutes,’’ ground rubber 
waste, and perhaps reclaimed rubber, though the latter 
is of value as a plasticizer, facilitating the incorporation 
of dry powders and certain subsequent manufacturing 
operations. Ground rubber wastes are made by simply 
grinding waste vulcanized rubber, mainly tyres, to as 
fine a degree as possible. The more mineral the waste 
contains the more easily the scrap will grind up, but, 
generally speaking, any fully compounded rubber which 
may be termed vulcanized in the technical sense will go 
to a powder or “ crumb,” and not a homogeneous mass, 
as will raw rubber when passed through the rollers of a 
mill. 

Rubber substitutes are of two classes—brown and 
white. Brown substitutes are vulcanized oils made by 
heating rape, cottonseed, or other oil with sulphur. If 
the oil is vulcanized by treatment with sulphur chloride 
and heat is not applied, white substitute results. The 
use of these materials has decreased in late years, and 
they are not used in the manufacture of tyres where 
hard wear and high physical qualities are requisites. 


RECLAIM 


The manufacture and use of reclaimed rubber, or 
“reclaim,” as it is usually called, has lately assumed 
enormous proportions. The material cannot be looked 
upon as a competitor for raw rubber, to be brought 
forward when raw rubber prices are in the ascendant, 
in spite of frequent statements to the contrary, but it 
is a definite compounding ingredient of great value. 
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Reclaim is made by subjecting scrap vulcanized rubber 
to certain mechanical and chemical processes, the object 
being to remove any free sulphur and render the material 
plastic. The combined sulphur is not removed, so that 
the rubber is not devulcanized in the true sense. 

Reclaim may be made in several ways. As a pre- 
liminary operation (in the case of ground tyre casings), 
it is generally necessary to remove the cotton fibre. 
This can be done by a mechanical draught, but more 
usually the ground rubber is heated at high temperatures, 
say 180° C., in an autoclave, with a dilute caustic soda 
solution. This has the combined effect of swelling and 
softening any cellulose fabric and dissolving the free 
sulphur and some of the oils. It also renders the 
material plastic. The resulting mass is washed and 
can then be milled like raw rubber in the ordinary way, 
with or without the addition of further softeners. It 
is then sheeted out ready for use. Other processes 
employ dilute acid solution in place of caustic soda to 
attack and rot the fibre, and in some cases plastification 
is effected by heating the ground waste with oils, etc. 
Since rubber itself is very inert and resistant to chemical 
reagents, it is unaffected by the chemicals employed in 
the processes described above, and these latter therefore 
act only on the ingredients in the rubber, while the heat 
and steam, together with oils or other softeners, facilitate 
the milling of the final product and convert it to a smooth 
plastic mass which is readily mixed with raw rubber 
and compounding ingredients. 

The specific gravity of reclaim varies with the propor- 
tion of mineral matter or other ingredients retained from 
the original waste of which it was made. A “ whole 
tyre ’’ reclaim may have a specific gravity of 1-1 to 1-2, 
and as it retains the bulk of the carbon black in the 
original tyre it can in part take the place not only of raw 
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rubber but also of the carbon black in the mix. Of 
course, you cannot go on replacing raw rubber by reclaim 
indefinitely, even if you replace one part of raw rubber 
by two of reclaim to allow for the compounding in- 
gredients in the latter. Still, 5 per cent or 10 per cent 
of reclaim does no appreciable harm, and it is possible 
to make goods entirely of reclaim, although the resultant 
quality is poor. 
SOFTENERS 

In order to help the mixing of the numerous powders, 
etc., into the rubber, and also to render the resulting 
“dough ”’ moderately soft, so that subsequent manu- 
facturing operations, such as calendering and tubing, do 
not lead to too great a consumption of power, certain 
softeners may be added to the mix. While reclaim and 
substitutes have a helpful action in this respect, certain 
oils and waxes are even more effective. As softeners 
may be mentioned mineral rubber, pine tar, palm oil, 
stearic acid, oleic acid, rosin oil, paraffin and ceresine 
waxes, carnauba wax and vaseline. All these are used 
in small quantities up to 5 to 10 per cent at the most 
on the rubber, and aid not only in plasticizing but 
prolonging the life of the vulcanized rubber containing 
them, and in helping the uniform distribution of acceler- 
ators and fillers throughout the compound. 


ACCELERATORS 


The period since the end of the War to the present 
time has seen a tremendous expansion in the develop- 
ment and use of rubber accelerators. These substances 
are complex organic chemicals, which, when added to the 
raw rubber mixture in quite small proportions, i.e. 
4 or 1 per cent on the rubber, very greatly reduce the 
time and temperature necessary for vulcanization, that 
is, they accelerate the “ cure.” 
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In the early days of the industry certain metallic 
oxides were observed to act in this way, though their 
activity is not comparable with that of the modern 
organic accelerators which are much more effective. 
These inorganic or mineral accelerators are zinc oxide, 
litharge (lead monoxide), magnesia and lime. The 
former two still find application as accelerators; zinc 
oxide, which has a scarcely perceptible action of itself, 
is largely used in conjunction with organic accelerators. 
Of the latter, diphenylguanidine is very popular for 
general work. Just as inorganic accelerators differ in 
activity, so organic accelerators differ among themselves, 
and diphenylguanidine (or D.P.G., as it is commonly 
called) is classed as an accelerator of medium activity. 
As a rough example of its activity, it may be noted that 
whereas a “ pure’’ rubber mix containing 10 per cent 
of sulphur requires 2 to 3 hours at 140° C., to vulcanize, 
the same mixing with a half part of D.P.G. and 5 parts 
of zinc oxide would be vulcanized to the same extent, 
as judged by the physical properties of the vulcanizate, 
in about 20 minutes. 

It has been found that most organic accelerators 
are more active when a metallic oxide is included in 
the mix, and as already stated, zinc oxide is usually 
added for this purpose. 

As examples of more powerful organic accelerators 
we may cite: Mercaptobenzothiazole, which is highly 
active ; zinc diethyldithiocarbamate, a “ super ”’ acceler- 
ator of very great activity; and tetramethylthiuram 
disulphide, also of this class. Many accelerators are 
sold under trade names such as ‘ Vulcafor,’’ ‘ Ac- 
celerene,” “ Superac,”’ “Captax,” etc., the chemical 
names being too complex for commercial use. Organic 
accelerators are now used in the great bulk of rubber 
mixings. 
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CoLouRS 

As with accelerators, colouring materials for rubber 
fall naturally into two groups, namely, the mineral or 
inorganic pigments and the organic dyestuffs. 

The mineral pigments were those first introduced for 
the purpose of colouring rubber. They are the more 
permanent. Of organic dyestuffs, only those are used 
which survive the rather drastic and prolonged heat 
treatment with sulphur necessary for vulcanization. 
The introduction of accelerators, however, has allowed 
both the temperature and the time of heating, neces- 
sary for vulcanization, to be reduced, so that there 
are now many organic colours which previously could 
not be used but which find employment in accelerated 
cures. 

Among inorganic and mineral pigments may be men- 
tioned: White: Lithophone, titanium oxide, zinc oxide 
and carbonate. Red: Iron oxide (rouge), crimson 
antimony (antimony sulphide), and vermillion (mer- 
curic sulphide. Green: Chromium oxide. Blue; ultra- 
marine. Yellow: Golden antimony sulphide—arsenic 
sulphide and cadmium sulphide. Black: Gas black, 
lamp black, and litharge. The latter cannot be used 
as a yellow pigment, as it reacts with sulphur during 
vulcanization to give lead sulphide, which is black. 
It thus finds application in black goods, such as goloshes 
and Wellingtons. 

Dyestuffs for rubber are complex organic substances, 
often admixed with or precipitated on a base material 
such as alumina, which can then be mixed directly into 
the rubber. All colours and varieties of shades are 
available, and it is only necessary to add them in small 
quantities; as with accelerators, a 3 or 1 per cent 
often suffices. They are usually added in the form of 
lakes, that is, in conjunction with mineral matter. It 
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is often advantageous to add zinc carbonate to mixes 
coloured with organic dyes, as this material is said to 
bring out the full shade. 


ANTIOXIDANTS 


This class of compounding ingredients is of recent 
introduction but of increasing importance. As the name 
implies, they are added (in very small quantities) to 
prolong the life of rubber goods which ordinarily are 
subject to “ perishing ” and oxidation. “ Nonox”’ is 
a trade name of one of the best known. 


ARTIFICIAL OR SYNTHETIC RUBBER 


An immense amount of work has been done on the 
preparation of artificial rubber, and a reference to the 
files in the Patent Office will give an adequate idea 
of the extraordinary combination and manipulation of 
materials that have been brought forward to this end. 
The result can only be described as a complete failure ; no 
real substitute in the above sense has been discovered. 
The fact is, the peculiar properties of india-rubber are 
probably bound up with, and only occur when carbon 
and hydrogen atoms are joined up with one another in, 
some form of chemical combination which is only met 
with in the natural product, and the only effective 
substitute possible is one built up artificially by a series 
of chemical reactions, so as to produce this particular 
type of combination. In other words, rational investi- 
gation on these lines should aim at the production of 
what is termed “ synthetic ’’ rubber. 

Before the research chemist can synthesize, he must 
study the decomposition products of the substance he is 
aiming to produce. A man must first discover the sort of 
materials of which a house is built and the manner in 
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which they are superimposed, that is, their relative 
position to one another, before he is able to produce a 
replica of the building. In a similar way the chemist, 
by breaking down stage by stage the molecules of which 
india-rubber is composed obtains, as it were, a plan of 
the composition of the substance; he is then able to set 
to work to reconstruct on well-ascertained lines. So 
far, considerable progress has been made, and we have 
a plan of the rubber molecule which seems to answer 
pretty well to the way it behaves. 

There seems no doubt that by a roundabout method 
some chemists have succeeded in building up a body 
which, if not identical with rubber, must be closely 
allied to it, as this body has to a modified degree all the 
characteristic properties of rubber. We are, however, 
still a long way from the goal, for not only have we to 
make rubber synthetically, but to do so on a commercial 
basis. The rubber plantations are in a position to turn 
out the clean dry produce at a price, all told, well below 
Is. per pound. The chemist must, therefore, be in a 
position to manufacture a synthetic product as cheaply 
as the natural product can be grown, if he is to be suc- 
cessful—unless, indeed, the synthetic product should 
turn out to be the better—a by no means impossible 
contingency, just as the synthetic dyestuffs (the coal-tar 
dyes) are far stronger colouring matters than the 
vegetable dyes, and have almost entirely replaced the 
latter. 

From the chemical standpoint the whole subject is 
too complex to be summarized, and the reader with 
sufficient chemical knowledge is referred to the numerous 
publications in the scientific press. However, in spite 
of the immense amount of research devoted to the 
subject, we do not appear to be much nearer a practic- 
able technical process than we were years ago. The 
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products produced in Germany during the War have 
not been improved on. They are different from, and, 
broadly speaking, much inferior to natural rubber of 
low grade. If any advance has been made it is in the 
direction of a reduction in costs of manufacture. 


CHAPTER VII 
THE VULCANIZATION PROCESS 
VULCANIZATION 


In the last chapter we outlined the vulcanization 
process and the matter has also been referred to when 
speaking of rubber-reclaiming methods. We shall now 
consider vulcanization in more detail and, in the first 
place, vulcanization by heat with a short description 
of the plant employed. 

The conditions under which rubber goods are vulcan- 
ized depend, among other things, on the proportion of 
sulphur taken. As the sulphur reacts with the rubber 
and not with the minerals—with certain exceptions—the 
proportion of sulphur should always be reckoned on the 
raw rubber and not on the whole mixing. Allowances 
must be made for ingredients which react with sulphur, 
such as reclaimed rubbers, and also in those cases where 
accelerators and litharge are used. The proportion of 
sulphur to rubber when reckoned as a percentage on the 
latter, varies in practice from one to forty per cent. The 
larger proportions of sulphur are used in the manufacture 
of hard rubber, commonly termed vulcanite or ebonite. 

In order that rubber may combine with sulphur it 
must be heated above the melting point of the latter 
unless very active accelerators are used. At this tem- 
perature the rubber itself becomes soft or semi-fluid 
according to quality, and this has to be taken into 
consideration in mixings for goods intended to be “ open 
cured,” such as solid tyres, rubber tubing, and the like, 
as they are liable to sag during the cure. Where moulds 
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are used the thickness of metal of which they are 
made and the conductivity of the metal and the rubber 
compound itself have all to be taken into consideration 
when fixing the time for vulcanization. The moulds used 
in rubber works are usually of steel or aluminium, and 
substantially constructed in two or more parts held 
together by bolts screwed up so as to confine the rubber 
to the space between them. The rubber compound 
as it comes from the rollers is fairly soft and plastic so that 
it takes the shape of the mould. The temperature 
and time of heating are interdependable. If the time 
is prolonged the temperature can be kept lower and, vice 
versa, by raising the temperature the time can be 
shortened. From the manufacturers’ standpoint, and 
for economy in working, the time of heating is shortened 
as much as possible. By the use of suitable accelerators 
the time is cut down to five to fifteen minutes, by 
which means a very large output is obtained with the 
minimum number of moulds and vulcanizing capacity. 

The length of time and temperature—or put shortly, 
the cure—required depends on the quality of the rubber 
used for the mixing. Of all varieties Para rubber cures 
faster than any other, whether from the West or from 
the East. The method of preparation has but little 
influence on the rate of cure. On the other hand, the 
rate of cure is somewhat variable, even with plantation 
rubber prepared in the same way. 

The rubber-mixing before vulcanization is soft and 
plastic. The lower grades of rubber and those containing 
much resin of low melting point are, of course, much 
softer than better-class rubbers, but even the best 
rubber is relatively soft and weak when fresh from the 
rollers as compared with untreated rubber, owing to 
the “working ’’ it has undergone. If, for instance, 
a corner of a freshly-calendered sheet be stretched out 
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between fingers and thumb it remains extended or only 
very slowly and incompletely returns to its original 
shape. When fully-cured it returns almost completely, 
and at once, but if under-cured, that is to say, if the 
temperature has been too low or the time of heating 
too short, it shows an intermediate behaviour, it returns 
pretty completely, but it takes a long time to do so. 

Before vulcanization two rubber surfaces pressed gently 
together unite firmly and cannot afterwards be separated. 
When partially cured the surfaces are still adhesive and 
stick together, but may separate again when pulled 
apart. A fully-cured sample is still adhesive on the 
freshly-cut surfaces, but these are easily pulled apart. 
When we speak of adhesion between surfaces we refer 
to clean or freshly-cut ones. Dust tends to destroy the 
tendency to adhesion and this plays a very important 
part in the manufacture of rubber goods. Where it is 
desired to destroy the adhesiveness of the surface so as 
to facilitate handling before vulcanization, liberal use is 
made of French chalk, which is dusted over the articles. 
On the other hand, dust must be avoided where two sur- 
faces have to be joined up as, for instance, in building 
up an india-rubber tobacco pouch from pieces cut from 
a sheet or in the manufacture of india-rubber shoes. 

If the temperature during vulcanization be too high, 
or the heating be continued too long, the rubber becomes 
as it is termed “ over-cured.” This may not be at once 
noticeable when the article is examined, but after keeping 
for a time it loses its strength and may eventually 
become hard, friable, and “ perished.’”’ Great care 
is therefore required not to exceed the safe limits. If 
the quantity of sulphur be large and the heating be 
very prolonged, the product becomes tough and hard 
by conversion to vulcanite. Raw rubber of good 
quality is pale in colour and very translucent, or almost 
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transparent, especially in the case of the best plantation 
brands. When cured it tends to darken in colour, and 
if over-cured the best pale plantation Para turns orange 
to brown. If the cure be further prolonged and more 
sulphur added, the colour turns almost black and the 
rubber becomes opaque. 


VULCANIZING PANS 


Whether mould-cured or open-cured, the heating is 
generally carried out in vulcanizers. These consist as a 
rule of long cylindrical boilers (Fig. 3) connected with a 
supply pipe for live steam obtained from a steam-gener- 
ating boiler, and also with a waste pipe for blowing off. 
The steam supply pipe runs along on the bottom inside 
the vulcanizer and has several outlets, and in addition to 
which there is a stage or platform immediately over the 
supply pipeand running the whole length of the vulcanizer, 
so that the steam is well distributed on entering and 
uniform heating is obtained. One end of the vulcanizer is 
detachable and is arranged to swing open on a hinge, and 
the articles to be vulcanized are wheeled in on a cage 
which runs on a pair of rails right along inside the 
vulcanizer on the platform already mentioned. The 
door is then shut to and made fast with a number of 
swing bolts. The vulcanizer is also provided with a 
safety-valve and pressure-gauge. The progress of the 
cure is followed by means of a thermometer, the bulb 
of which lies inside the vulcanizer and is protected 
by a metal tube. In many factories self-recording 
instruments are installed which register the steam 
pressure or the temperature during the cure on a sheet 
of squared paper round a cylinder driven by clock-work, 
such as is used for self-recording barometers and similar 
instruments. 

The works manager has therefore an unalterable 
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record of each cure, which can be filed and referred to 
in case anything goes wrong and the goods are sub- 
sequently found to be under- or over-cured. Vulcanizers 
are built in a variety of sizes to suit the type of goods, 
and may be three to twelve feet in diameter, and any- 
thing from three to sixty feet in length or even longer 
for vulcanizing hose. Some vulcanizers are built with 
a steam jacket where the steam is kept permanently at 
a pressure and let into the interior only when the articles 
to be vulcanized are in place and the lid screwed down. 
This has the advantage of more rapid working, as the 
vulcanizer is not allowed to cool down and has not 
therefore to be heated up again with the fresh charge. 
The heating is also more uniform, a great essential in 
successful working. It can easily be understood that 
with condensation on the walls taking place all the time 
there is a liability to currents, and, therefore, uneven 
heating in the interior. Steam-jacketed vulcanizers are 
not suitable for working with hot air, for the same reason. 
In the case, say, of a number of layers of rubber being 
cured between cloth, the outer and inner layers get 
heated but the hot air cannot penetrate between them, 
and the middle layers get only gradually heated by 
conduction from the outer ones and are consequently 
under-cured. In some vulcanizers there is a contrivance 
to keep the articles to be vulcanized in motion so as to 
secure even heating. 

In addition to the ordinary pan vulcanizers there is the 
vulcanizing press (Fig. 4), which functions not only as a 
means of heating but at the same time asa mould. The 
simplest form of press consists of two steel boxes with 
smooth even surfaces facing one another. The boxes 
are heated by steam, the pressure or temperature being 
controlled exactly as in the vulcanizers above described. 
The sheet to be vulcanized is placed between the surfaces 
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and pressed down while steam is let in and the rubber 
cured. Presses are often built up of several of these 
steam boxes superimposed and worked by an hydraulic 
ram so that several articles can be cured at the same time. 
They are also made in very large sizes for curing 
such articles as belting or heavy waterproof sheeting. 
Reference must also be made to hot-air vulcanizing, 
suitable for waterproofing materials where moisture and 
heat combined would spoil the colours in the fabric. 
The proofed material is hung in festoons and the hot air 
blast driven through so as to secure uniform heating 
throughout. 

There are also ‘‘autoclave”’ presses, in which the 
press is heated by steam of a surrounding pan. This 
type is preferred for motor tyres. In other cases the 
platens of the press are shaped to take the article, as 
in the “ watch case ”’ vulcanizer—also for tyres. 

We have explained that it is necessary to take more 
sulphur for vulcanization than actually enters into 
combination with the rubber, so that there is always 
some free sulphur in the vulcanized product. When the 
percentage of free sulphur exceeds a certain figure the 
sulphur crystallizes out on the surface of the vulcanized 
article as a white dust or powder. This is also largely 
dependent on the ingredients of the mixing and the 
method of curing. This phenomenon is termed bloom- 
ing and is common with all types of rubber goods, 
especially where a large percentage of sulphur has been 
used to facilitate rapid curing. In some cases it gives 
a finish to the appearance of the rubber, which is desired, 
but in other cases the blooming is regarded by the manu- 
facturer as an unwelcome feature. Especially is this the 
case where the rubber is compounded without fillers. 
The matter is, however, of a sentimental rather than 
practical nature, as blooming does not affect the quality 
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of the goods in a real sense, that is, it does not detract 
from the strength or resistance to wear and tear. The 
formation of the powdery sulphur layer is gradual, 
and no traces are to be found on the freshly-cured 
goods. On standing, the sulphur begins to appear 
either in the course of a few minutes or after a few 
hours or days. Where not required, it can be removed 
by washing in a bath of weak soda which dissolves 
the sulphur. 


CHAPTER VIII 
MECHANICALS 
SOLID TYRES AND RUBBER TUBING 


HAVING now explained the process of vulcanization by 
heat, we will pass on to a short description of the methods 
employed in the manufacture of some of the commoner 
rubber goods. There is a large class known in the trade as 
“ mechanicals,” which include such rubber goods as are 
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used for mechanical purposes, such as buffers, hose, 
tyres, etc. We will take, to begin with, the manufacture 
of solid rubber tyres and rubber tubing, both of which 
articles are open-cured, 

As moulds are not used, the goods are shaped to the 
required form by other means. In this case, a spewing 
or forcing machine is employed, constructed on the same 
lines as machines for making lead tubing, or to take 
a homelier parallel, it bears some resemblance to a 
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sausage machine. The machine, shown in outline in 
Fig. g, consists essentially of a very strongly-con- 
structed cylinder in horizontal position, within which 
a powerful screw or worm revolves. This is driven by 
a belt and pulley at one end, while the other end of the 
cylinder tapers and is fitted with a die of the required 
shape, that is, corresponding to the section of the tyre 
to be made. The nozzle is arranged so that the dies 
are interchangeable. In the illustration the dies have 
been removed. At the other end, at the top of the 
cylinder is a rectangular opening through which the 
rubber compound is fed into the cylinder. In some 
machines a pair of small rollers are fixed over the openings 
with axes parallel with the axis of the cylinder for forcing 
the rubber compound into the cylinder. These are not 
shown in the illustration. The rubber, as required, 
is cut off from a batch kept hot on a pair of smooth rollers 
close by, or fed by a continuous band conveyor, and the 
cylinder of the forcing machine is also heated by means 
of a steam jacket. The shape of the die does not corre- 
spond exactly with the cross section of the tyre, but is 
made rather different in outline and somewhat smaller, 
as the rubber compound expands as it leaves the nozzle 
owing to the enormous compression exerted on it in the 
interior of the cylinder. The expansion is not, of course, 
a true expansion of the material in the ordinary sense 
of the term, as rubber compound is not appreciably 
compressible. The expansion in this case is rather of 
the nature of a flow due to the irregular strains and 
stresses than to the compression of the material. 

When making rubber tubing, the principle is the same, 
except that the die has a projecting piece in the centre 
which forms the cavity in the tubing. The spewing 
machine was at one time used for small sized tubing 
only, large sized hose being built up from calendered 
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sheet in quite a different manner, but a modified machine 
is now frequently used for large hose. As the tyre or 
tubing comes away from the nozzle, it is led on to a large 
circular tray on which a thick layer of French chalk has 
been spread. This tray is pivoted so that it turns 
easily, and the continuous length of tyre is wound in a 
flat spiral on the surface of the tray. When full, the end 
is broken off and another tray started on. Further 
quantities of French chalk are dusted over the rubber 
and the trays taken to the vulcanizer for curing. As 
we have explained, care must be taken to so compound 
the rubber that it does not sag appreciably at the 
temperature of the cure. In cases where this has not 
been sufficiently taken into consideration, tubing is 
found to come out of the vulcanizer with an oval instead 
of a circular section. Curing in the open is cheaper than 
the use of moulds. There is the saving in the capital 
expenditure on the moulds and in the time and labour 
taken for filling the moulds and emptying them. Heavy 
solid tyres are cured in moulds in one piece after 
shaping roughly in a forcing machine. They are 
vulcanized on to a steel rim which is then fixed direct 
to the wheel. In order to get the rubber to adhere 
firmly, it is necessary to insert between it and the steel 
rim a layer of rubber compound termed a “ junction.” 
This consists really of a vulcanite mixing with the 
addition of such materials and other ingredients as may 
be necessary to make it cure hard in the same time as is 
required for curing the body of the tyre. The production 
of a vulcanite layer entails the use of a large proportion 
of sulphur in the compound, and when the composition 
is correctly adjusted a very firm joint results. Cab 
tyres, for horse vehicles, of course, are either wired on 
or held gripped by flanges on either side. 

Even when the compound is intended for curing in 
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moulds the forcing machine comes in useful for roughly 
shaping the rubber which is subsequently cut up into 
compact blocks, and the method can be adapted to the 
manufacture of a number of other articles. 


WASHERS, VALVES AND RAILWAY BUFFERS 

Many goods are built up out of the calendered rubber 
sheet. It would take too long to explain the exact 
method of procedure in each case, but rubber washers 
and valves may be taken as examples. Calendered 
and unvulcanized sheet is taken of the required thick- 
ness, or a sheet of the required thickness is built up 
in plies by rolling two or more sheets together. The 
article is then cut out or stamped out of the required 
shape, or perhaps a trifle on the large side. It is then 
vulcanized in the press, a flat ring of the correct 
shape being used to confine the rubber. The cuttings 
go back to the machine and are worked up again. In 
a machine for cutting washers the sheet is laid on a 
table and cut by knives attached to a revolving arm. 
Railway buffers consist of thick cylindrical pads. They 
are vulcanized in moulds. Sometimes metal plates or 
rings are vulcanized on to them in the same manner as 
in the case of the solid tyres with steel rims already 
referred to. The surface of the metal must be clean, 
and to ensure good adhesion it is usually painted with 
some of the “junction”’ compound dissolved in coal- 
tarnaphtha. When the latter evaporates it leaves a thin 
layer of the compound in close contact with the metal. 


RUBBER HOSE 
Large size rubber hose is built up from long strips of 
compound in sheet form; these are wrapped round a 
mandrel with special forms of support on a bench 
stretching the whole length of a large room. The hose 
is built up with alternate layers of rubber and canvas. 
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The canvas used is sometimes subjected to a previous 
treatment by which it is coated with a thin layer of 
rubber which penetrates the interstices between the 
cotton fibres. The rubber compound adheres more 
firmly to canvas that has been treated in this manner. 
The method of coating the canvas will be explained 
later. The hose can be built of one strip with a central 
join along its whole length or it can be spirally wrapped. 
The latter method is, of course, preferred. The mandrel 
is of iron and must be well rubbed over with chalk to 
prevent the rubber sheet from adhering to it. The 
sheet itself has, of course, to be well chalked to enable 
it to be handled, and it is necessary to get rid of this 
chalk where the join has to be made, which is done by 
washing with naphtha. The clean washed surfaces 
are then pressed together to cause them to unite. It is 
here that defects may arise and the method of spewing 
has the advantage, the tube being formed whole without 
aseam. The Americans were the first to design spewing 
machines for the manufacture of hose of large size with 
canvas between. The machine is built on the lines of 
that already described for the manufacture of solid 
tyres or small tubing, except that the forcing screw 
has a hole through its axis through which the iron man- 
drel passes and the rubbercompound is squirted on to the 
mandrel as it passes along forming an even layer over it. 
A mechanical contrivance pushes the mandrel forward 
at a speed corresponding to the rate at which the rubber 
is forced out. When the mandrel is coated from end 
to end, it is removed and wrapped with one or more layers 
of canvas as required. It is then taken back to the 
spewing machine and a layer of rubber is spread on to 
the surface of the canvas just as in the previous case when 
it was spread on to the mandrel itself. To bring the 
various layers of which the hose is built up into thorough 
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contact it 1s wrapped spirally with cotton cloth before 
vulcanizing. The cloth is taken in strips and must be 
tightly and evenly bound along the whole length. If 
this is not done, the hose will not be uniform and air may 
be retained between the several layers. What we have 
said with regard to wrapping applies equally to hose 
that is not spewed but lapped and joined. After 
vulcanizing, the cotton cloth is stripped off and leaves 
an impress in the form of fine cross markings on the 
rubber. Instead of wrapping a layer of cloth or fabric 
between the layers of rubber, the fabric can be woven 
on to the first layer of rubber in the form of a seamless 
sleeve, which is then coated with a solution of rubber 
in naphtha. In this way, if required, several layers of 
fibrous material can be woven on to the rubber. Hose 
made in this manner will stand much greater pressures 
than that made by lapping cloth in the ordinary manner. 
For some purposes hose has to stand not only a con- 
siderable pressure, but also a high temperature, as, 
for instance, for coupling the steam-heating appliances 
in railway carriages. The steam may be at several 
pounds pressure which means a temperature considerably 
above the boiling point of water, in addition to which 
there is a good deal of ordinary wear on the hose in the 
coupling and uncoupling of the carriages. As might 
be expected, the life of such hose is short, but nothing 
more economical has been found to satisfactorily replace 
it. Armoured hose may be employed for purposes of 
withstanding a high pressure, as in connection with 
vacuum brakes or for water under pressure. In this a 
spiral steel wire is wound either inside or outside the 
rubber and canvas layers, according as to whether it 
has to withstand a pressure from the outside or inside. 
The wire may also be actually imbedded between layers 
of canvas in the walls of the hose. 
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DEODORIZATION OF RUBBER GOODS 

Plantation crépe rubber is odourless, or at the most 
has a faintly sweet smell, noticeable when the rubber is 
being milled on hot rollers. No objection can be taken 
to the smoky odour of hard cure Para or the very faint 
odour of sheet plantation rubber, although even good 
class plantation rubbers may have a very unpleasant 
smell if produced by spontaneous coagulation, or where 
fermentation has set in before the rubber has been washed 
and dried. Such rubber, however, is very seldom met 
with. Some of the lower grade African brands are 
notoriously evil smelling, but the use of these is almost 
a thing of the past. Nevertheless, vulcanized rubber 
has a slight odour, even when made from the best raw 
material, particularly if solvents have been used in the 
manufacture. In fact, it is the residues left in the 
rubber by these solvents when they evaporate which are 
mainly responsible for the bad odour of such articles 
as hot water bottles. The odour is a serious drawback 
in certain classes of goods, particularly some sorts of 
hose, such as brewers’ hose. Here the rubber comes in 
contact with the beer, which may become tainted. 
Various means have been tried for deodorizing the 
vulcanized rubber. These may consist of washing with 
solutions of oxidizing agents or stoving, that is, heating 
for some time to a temperature which, of course, must 
not be too high. In the latter case, the use of charcoal 
is recommended as helping to absorb the evil-smelling 
substances driven out on heating the rubber. It is 
difficult to effect a permanent deodorization, as these 
methods remove the noxious substances from the surface 
layers only of the rubber, so that after a time contamina- 
tion sets in again from the inner layers. 


CHAPTER IX 
MECHANICALS—(contd.) 
MoToR TYRES 


Or all types of rubber goods, the motor tyre, perhaps, 
comes more often before the notice of the general public 
than any other class of rubber article, and absorbs three- 
quarters of the raw rubber produced. If a discussion 
should arise as to the future supply of and demand for 
rubber, or the probable outlet for the vast quantities 
of the plantation product that the East is producing, 
the rubber tyre is generally instanced as likely to absorb 
any increase in production. Although the manufacture 
of motor tyres is undoubtedly on a very large and 
increasing scale, we look to-day for new outlets such as 
rubber paving blocks to absorb any surplus quantities 
of rubber produced. It must not be forgotten that the 
pneumatic tyre is not wholly built up of rubber, but that 
canvas duck plays an important part in its construction 
and that the rubber used is to some extent compounded. 

The manufacture of a motor tyre is a difficult and 
expensive operation. Great care and skill are required 
in building up the different layers of rubber and cord or 
canvas. This latter itself is an expensive material. 
It has been much improved of late, the tightly-woven 
canvas being replaced by a loosely-woven “ cord’; 
hence the term “cord” tyres, as compared with the 
original canvas tyres. The layers of rubber and cord 
are laid over a core and built up in the same way as rubber 
hose with canvas insertion. The tyres are then vul- 
canized in moulds and the capital expenditure on these 
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Fic. 5.—HyYDRAULIC TYRE VULCANIZING PRESS 


(Tohn Shaw & Sons) 
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is a heavy item in the cost of the tyre. Every variation 
in size and form of tread necessitates a new mould. 
Fig. 5 represents a modern type of vulcanizer and 
press combined. The tyre moulds are seen in section 
in the upper part of the pan and are held in position 
by hydraulic arms, obviating the necessity of screwing 
up each mould separately. Of the four tyre moulds 
shown in section the second from the top is a pneumatic, 
the others being solid tyres. Considered as an outlet 
for rubber a solid tyre is better than a pneumatic one. 


TYRE REPAIR 


While on the subject of tyres reference may be made 
to the repair by vulcanization. With the inner tube 
of a bicycle tyre a thin patch on the outer side of the 
tube cemented with a little solution of rubber in naphtha 
makes a satisfactory joint. The pressure of the inner 
tube against the inner lining of the outer cover helping 
to hold the patch in place. Such a method does not, 
however, produce a satisfactory repair with a motor tyre, 
possibly on account of the heat developed which causes 
the rubber solution to flow so that the patch does not 
hold in place. However, for light cars the patches and 
solution have been so much improved that for ordinary 
purposes they serve, but the only really satisfactory 
method of repair for a motor tyre is by vulcaniza- 
tion, that is to say, the patch is vulcanized in place. 
For this purpose special compounds are sold. These 
compounds consist merely of unvulcanized mixing in 
the form of a thin sheet between two layers of cloth to 
prevent adhesion. It would not be permissible to dust 
the sheet with chalk. The compound should be soft 
and plastic, so that it readily takes the shape of the 
space into which it is pressed. In order to have a clean 
surface it is necessary to cut away the rubber around 
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the slit or puncture and to wash this with a little naphtha ; 
a clean surface is absolutely necessary if a good union 
between the old and new rubber is to be obtained. The 
compound when in place is vulcanized by fixing a hot 
plate against it, and the plate may be heated either by 
steam, by the direct application of a flame, or elec- 
trically. From what has been said on the subject of 
vulcanization it is apparent that whatever means of 
heating be adopted for curing the compound, the tem- 
perature to which the plate is heated and the time during 
which it is heated must be adjusted to the rate at which 
the compound cures. A recently-cured rubber article 
always tends to be soft and does not acquire its full 
strength for a week or two. The repair after vulcanizing 
should still be a little soft and on the under-cured side; 
it will then last much better than if cured quite hard. 
The compound used should be quick-curing. Some 
compounds on the market, such as “ Plastene,”’ for tyre 
repair, are sufficiently cured in a steam-heated vulcanizer 
in ten minutes to a quarter of an hour at thirty to forty 
pounds pressure. Inner tubes as delivered by the 
makers are usually under, rather than fully, cured, as 
the tyres get very hot after a long run. What has been 
said in regard to the repair of inner tubes applies equally 
to the outer covers, but except in the case of small 
patches, this is best left in the hands of the tyre manu- 
facturers, or of the firms who make a special business of 
repairing and retreading tyres. 

Rubber compound for retreading should be quick- 
curing to avoid heating the canvas and other parts of the 
tyre more than necessary. The layer of rubber is applied 
to the cover after the remains of the old rubber have been 
stripped off. After cleaning the cover is painted with 
a solution of some of the compound in naphtha, and 
the naphtha is allowed to evaporate. The compound is 
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applied in layers, each layer being pressed down well 
with a hand roller. When a sufficient thickness of rubber 
compound has been built up to serve as the new tread 
the tyre is tightly wrapped with long strips of cloth just 
as in the manufacture of hose, a stiff coil of wire being 
placed inside the tyre to prevent it collapsing. The 
tyre is then vulcanized in a steam vulcanizer in the 
usual manner. If the canvas of the tyre be sound and 
the retreading properly carried out with suitable com- 
pound the result should be satisfactory. Tyre treads 
are sometimes semi-vulcanized before attaching, to save 
the canvas; this has the advantage that they can be 
made of the most suitable composition, not necessarily 
quick-curing, the quick-curing portion being confined to 
a thin layer lying between the tread and the body of 
the tyre. 


RUBBER RINGS AND BANDS 


India-rubber rings and elastic bands are made in a 
similar manner to rubber tubing, that 1s, either by means 
of a spewing machine or by wrapping layers of calendered 
unvulcanized rubber sheet round an iron or aluminium 
mandrel, until the required thickness is obtained. The 
rubber is then vulcanized, after wrapping in cloth, in 
the same way as rubber hose. It is then slipped on 
to a mandrel and taken toa lathe where the length 
of tubing is cut up into rings. The rubber compound 
used must be of good quality containing but little 
mineral matter, so that the ring can be stretched to many 
times its original diameter without breaking, and great 
care is needed to see that it is neither under nor over 
vulcanized. Besides elastic bands large numbers of 
rubber rings are made, the so-called Codd’s rings, which 
are used for closing aerated water bottles with an air- 
tight joint. These are made usually of red rubber, and 
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antimony sulphide is a constituent of the mixing, if not 
replaced to a large extent by cheaper colouring matters. 


DENTAL RUBBERS 


These materials are vulcanite or ebonite mixings, that 
is, raw rubber with a large excess of sulphur to which 
has been added sulphide of mercury to give the desired 
shades of red and pink. The mineral colours may also 
be replaced by the more permanent vegetable lakes. 

The ordinary black vulcanite serves equally well and 
is even preferable, as it can be compounded of rubber and 
sulphur without the addition of minerals, which results 
in a lighter and stronger product. People, however, 
seem to prefer any shade of red or orange rather than 
black, at any rate black is seldom used. The pink 
colour of some plates which is a really good match to the 
colour of the gums is obtained by a veneer of material 
on the front of the plate which is heavily compounded to 
give the desired shade. 

For those who are not familiar with mechanical dental 
work it may be explained that the dental plate is pre- 
pared by moulding the soft rubber against a plaster of 
Paris mould of the palate, confining this with a metal 
plate to form a box or mould and vulcanizing in a small 
boiler under pressure. Dental rubber compounds are 
made of the very best materials procurable and the 
prices paid for them are relatively high. 


ELASTIC THREAD 


Elastic webbing and braid consists of elastic threads 
running parallel and woven in with cotton or silk. In 
recent years mercerized cotton and artificial silk have 
been largely used when a good appearance is required 
at a price which would not justify the use of real silk. 
The elastic thread itself represents one of the highest 
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classes of rubber goods, and only the best Para rubber 
is capable of giving the particular physical properties 
termed “ tension’ demanded by the manufacturers of 
webbing. The mixing is compounded of rubber and 
sulphur only, softened with naphtha, and is calendered 
to a thin and very regular sheet on to cloth. This is 
then tightly wrapped in layers of cloth and vulcanized, 
in steam in the form of a roll. When cured the sheet 
is unrolled from the cloth and re-rolled onadrum. Some 
shellac or similar substance dissolved in spirit is spread 
between the layers of rubber, so that when dry the 
whole mass is stuck together to a firm cylindrical block. 
It is then taken to a lathe and accurately cut, so that the 
sheet is reduced to long strips of rubber of square section 
and of the original length of the sheet. The shellac is 
then dissolved out in a bath and the thread boiled in a 
weak solution of caustic soda which removes the excess 
of sulphur that has come to the surface in the form of 
bloom. The thread is made in a variety of sizes or 
counts reckoned by the number of threads required to 
be laid side by side to measure one inch. They must 
be free from mineral matter and translucent, or almost 
transparent. They must stretch neither too much nor 
too little under a given weight. All these requirements 
necessitate the greatest care in vulcanizing; if under- 
cured the thread is soft and stretches too easily, and if 
the right cure be overstepped ever so little the thread 
will gradually lose strength and go rotten. This is not 
apparent when first made and the thread may keep 
all right for months when suddenly the rubber begins 
to get weak, and is easily broken, finally becoming 
thoroughly brittle and perished. 


7—({1466) 


CHAPTER X 
RUBBER SOLUTION AND ITS APPLICATIONS 
RUBBER SOLVENT 


Many goods are manufactured with the aid of a rubber 
solvent. The solvent most commonly used in this 
country is coal-tar naphtha, a volatile inflammable 
liquid obtained from the first portions which pass over 
when coal-tar is distilled. Mineral naphthas find em- 
ployment to some extent mainly in America, although 
they are less suitable for the purpose; disadvantages 
attaching to their use being counterbalanced to some 
extent by a lower price. Chemically considered they 
differ entirely from coal-tar naphtha, but have the same 
qualities of volatility and inflammability. They are 
obtained from the lower boiling constituents of petro- 
leum or from shale oils and are known respectively as 
benzine and shale naphtha. There are many other 
liquids which dissolve unvulcanized rubber, such as 
ether, chloroform and carbon disulphide, but the only 
other solvents of technical importance are carbon 
tetrachloride, and some similarly constituted bodies 
which have been introduced to manufacturers in recent 
years. They have the advantage that they are not 
inflammable, but they are too costly for many purposes, 
at any rate wherever the solvent is not recovered in the 
manufacturing processes, and they are all more poisonous 
than the ordinary naphthas. 


INDIA-RUBBER SOLUTION 


Speaking broadly, rubber when vulcanized does 
not dissolve in the ordinary rubber solvents, although 
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it swells and takes up some of the liquid, especially if 
the rubber be under-vulcanized. It can, however, 
in some cases, be got into solution if subjected to suffi- 
cient mechanical treatment, or if heated with the solvent. 
In the latter case the rubber is partly decomposed. By 
long grinding of some kinds of vulcanized or semi- 
vulcanized rubber with a solvent a strongly adhesive 
but slow-drying solution is obtained. 

If a piece of raw rubber be placed in a bottle of naphtha 
the rubber gradually swells absorbing the solvent, 
and eventually loses its tenacity. If the mass be 
vigorously stirred or the bottle shaken at a certain stage 
and this treatment repeated from time to time, an 
apparently homogeneous solution is finally obtained. 
The solution is very sticky and tenacious. If poured 
on to a glass plate or other smooth surface and allowed 
to dry down it forms a skin of rubber which can be 
peeled off. If spread on cloth it forms a thin coating, 
and the solution having penetrated more or less between 
the fibres of the cloth, the skin of rubber adheres firmly 
and cannot be torn off. A test often applied to rubber 
solutions consists in spreading an even layer on a strip 
of cotton canvas to within a few inches of either end, and 
then folding the canvas in the middle so that the coated 
surfaces are brought in contact and pressed firmly 
together with a roller. The force required to tear the 
two surfaces apart after they have had time to dry 
thoroughly is a measure of the tensile quality of the solu- 
tion. There is a great difference in the appearance and 
properties of solutions made from dried raw rubber and 
similar rubber which has been masticated. It would 
appear that when rubber latex coagulates and the 
globules coalesce the other constituents of the latex 
are also precipitated, in particular, certain substances 
containing nitrogen and termed “ protein.” These 


88 RUBBER 


substances form the so-called insoluble constituent of 
india-rubber. It was for a long time supposed that this 
insoluble substance consisted of the elements of carbon 
and hydrogen with perhaps some oxygen, the former in 
the same proportion as in the remainder of the rubber, 
until Spence discovered that the insoluble constituent 
contained nitrogen and consisted wholly, or at any rate 
to a large extent, of “protein.” The source of the 
“ protein ” is the original latex in which it is present in 
soluble form. 

The protein is distributed throughout the rubber in 
the form of strings or films and is probably impermeable 
or with difficulty permeable to naphtha. As the 
particles of rubber are enclosed in the protein films as 
in a mesh the solution takes place with difficulty unless 
well stirred. The solution is also very viscous on account 
of these protein films, and we have found that the differ- 
ence in viscosity of solutions of raw rubbers of the 
same strength is largely accounted for by the mode 
of distribution and amount of protein present in the 
rubber. 

On masticating the raw rubber these films are broken 
up, and consequently the masticated rubber dissolves 
more readily in naphtha and the solution is less viscous 
than that from the untreated rubber. But, apart from 
this, it is found that the viscosity, i.e. the resistance to 
flow, is mainly dependent on the conditions and period 
of mastication. On allowing to stand the protein films 
separate and form a deposit at the bottom of the solution. 
For purposes of clarification on a manufacturing scale 
the solution is forced through fine gauze filters. 

There is a great difference in the way various raw 
rubbers are dissolved by naphtha. Strips cut from a 
loaf of fine Para and dried are only slowly dissolved, 
and some of the plantation sheet and biscuit is even 
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more difficult to get into solution, while the solution is 
more viscous. On the other hand, well washed planta- 
tion crépe is easier to dissolve, particularly after it has 
been masticated. These considerations would appear 
to prove the futility of attempting to judge the quality 
of rubbers by the viscosity of a fresh solution, as has 
been suggested. 

Owing to the inflammable nature of rubber solutions, 
brought about, of course, by the naphtha used as the 
solvent, great restrictions are placed on the carriage and 
storage of the material, and users as a rule purchase the 
rubber and make their own solutions in small quantities 
at a time as required, or purchase from a local maker. 


SPREAD SHEET 


Rubber solution is used in some quantity by the cycle 
and motor tyre repairer, and also in various trades as a 
waterproof varnish. The original mackintosh was pre- 
pared by treating cloth with a solution of rubber, 
but owing to the inconvenience attaching to a surface 
which became sticky in hot weather the manufacture 
would have been abandoned had it not been for the dis- 
covery of the means of vulcanizing the layer of rubber 
attached to the cloth. The chief consumption of naphtha 
in the rubber trade 1s for the production of a rubber 
solution or “ dough,” so called as it is very stiff and 
pasty. This dough is further manipulated, and the 
naphtha is removed by evaporation. The fact that 
rubber can be dissolved and the rubber obtained 
again on evaporation of the solvent affords the rubber 
manufacturer an invaluable means of manipulation. 
This can be illustrated by reference to the production 
of ‘‘ spread sheet.” We have seen how raw rubber can 
be calendered to form a sheet and that for certain 
purposes the rubber is softened with naphtha before 
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calendering, and the naphtha subsequently removed by 
evaporation. Spread sheet is made by dissolving the 
rubber in naphtha and spreading the thick, viscid dough 
on to the surface of specially-prepared cloth. Heavy 
calender rollers are not required, the rubber dough 
being soft. The cloth carrying the layer of rubber 
solution or “ dough ’’ passes over a large shallow box or 
“chest ’’ which is steam-heated to evaporate the 





Fic. 4.—SPpREADING MACHINE 
(J. Robsnson & Co) 


naphtha. When one layer has been deposited and dried 
another can be deposited on the first, and so on till a 
sufficiently thick sheet has been built up. This is then 
well chalked and separated from the cloth. 

The spreading machine or spreader (Figs. 6 and h) 
consists of a roller fixed at one end of a large steam chest 
or table. Over the roller is an adjustable knife, “ doc- 
tor,” or “ gauge ” with a blunt edge, and the cloth to be 
coated passes from an auxiliary roller over the first- 
mentioned roller and under the knife. The rubber com- 
pound which has been milled with naphtha to suitable 
consistency in a pug mill, is spread on the surface of the 
cloth on the top of the roller and the knife edge is 
adjusted at such a distance from the surface of the cloth 
that a layer of the required thickness passes along on the 
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cloth, the remainder being held back by the knife. The 
two wheels on the top of the machine on either side are 
for the purpose of adjusting the height of the knife, and 
there are two cheeks also adjustable which confine the 
dough and prevent it wandering over the ends of the 
roller on to the bearings. As the rubber-coated cloth 
passes along, the heat from the steam chest under- 
neath evaporates the naphtha. In this way one thin 
layer or coat is deposited on the cloth. The process is 
repeated until a sufficient number of coats have been 
deposited so as to give a coating or layer of the required 
thickness. The cloth with the coated surface passes 
over a roller at the end of the chest, and almost hidden 
from view in the illustration, and then back again 
underneath the chest where there are two guiding rollers, 
and is finally wound on to a roller slipped on to one of 
the square shafts in front of the machine. 

It is curious to note that spreading machines are very 
little used in America. The American practice is to use 
friction calender wherever possible. 


CHAPTER XI 
CuT SHEET 


THERE is a third method for the manufacture of sheet 
more costly than either of the two preceding ones, 
This is known as “cut sheet,’”’ and had its origin in 
this country, although it is now made in many parts 
of the Continent as well. In principle it consists in 
slicing thin layers of rubber from off a block with a 
knife having a rapid to and fro motion. The rubber 
is frozen to a hard block to give it the necessary rigidity. 
It must, of course, be absolutely homogeneous and free 
from air-bells, or flaws of any kind, as otherwise corre- 
sponding defects would occur in the sheet. For some 
of the purposes for which it is used, in particular electric 
insulation, flaws or pinholes would be fatal defects. 
The raw rubber which at one time consisted exclusively. 
of fine hard Para is carefully and thoroughly washed. 
Nowadays, lower grade rubbers are used in admixture 
with the Para rubber for second grade sheet—particularly 
on the Continent, and cases have been reported of the 
presence of oil substitute. Special pale cut sheet is also 
made from plantation rubber. For this purpose it is 
generally washed before using, in spite of the fact that 
it has already been carefully washed on the plantation, 
and many manufacturers state that they will always 
rewash the rubber themselves when required for high- 
class goods. The washed and dried rubber is next 
masticated in a special machine (Fig. +) which is intended 
to reduce it to the necessary degree of plasticity. This 
machine consists of a hollow iron cylinder with openings 
in the top and a roller with a ribbed surface which 
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revolves on the rubber. The illustration shows the 
machine in section and the general external view when 
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(J. Robunson & Co.) 


casing is closed. The machine is arranged for steam 
heating. The rubber is taken out of this machine after 
mastication in a bolster-shaped block, which is then 
placed in a steel cylinder and subjected to hydraulic 
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pressure by means of a plunger. The rubber is then 
frozen, which at one time used to take many months, 
but with modern refrigerating machinery is accomplished 
in a few weeks. Time, however, must be given for the 
block to freeze right through to the centre, which must 
always be a slow process owing to the fact that rubber is 
a bad conductor of heat. In the older process the sheet 
was sliced off the end of the block, that is to say, in a 
plane at right angles to the direction in which the 
pressure was applied, and it is stated that the best results 
were obtained in this way. For the production of a 
continuous sheet the block, which is cylindrical in form, 
is in the first place compressed in the steel cylinder, and 
a steel spindle is then forced down along the centre line 
of the block. After freezing the spindle is forced out 
again, leaving a hole along the axis of the cylinder on 
which the block is mounted. It is then made to revolve 
against a very rapidly oscillating blade which slices the 
rubber in a continuous length, spiral fashion. The knife 
is kept well lubricated with water and leaves its mark on 
the sheet in the form of a number of very fine lines 
parallel with one another. This marking is so charac- 
teristic of cut sheet that it has been imitated abroad by 
the use of an engraved calender roller. The surface of 
machine-planed steel will mould a very similar appear- 
ance on a sheet of rubber. 


INSULATION TAPE 


Most of the pure rubber sheet is vulcanized at some 
stage or another, either by the cold-curing process or 
by immersion in a sulphur bath. Part of it, however, 
in an unvulcanized state finds employment as rubber 
tape for electrical purposes. Rubber tape consists of 
long strips about half-an-inch wide used for winding 
round the copper conductors of cables. Copper is a 
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dangerous metal to bring in contact with vulcanized 
rubber, as after a time the copper would be liable to be 
corroded by the excess of sulphur in the rubber and this 
would cause the rubber itself to perish, and consequently 
the insulation of the cable to break down. It is usual, 
in the first place, to tin the surface of the copper and 
then to wrap a layer of unvulcanized rubber next to the 
metal to be followed with vulcanized rubber outside this 
again. The best tape is, of course, that made from 
cut sheet, the strips being cut at right angles to the 
knife marks. Spread sheet is, however, very generally 
employed for insulating purposes and also gutta-percha 
compositions. 


CHAPTER XII 
CoLp CURING OF INDIA-RUBBER 


THIS process, discovered by Parkes in 1846, consists in 
treating the raw rubber with sulphur chloride (disulphur 
dichloride S, Cl), which reacts with it in the cold. 
The reaction is a vigorous one and a diluent is required, 
as otherwise the surface of the rubber would be attacked 
and over-cured while the centre of the sheet would be 
unaffected. For a diluent a liquid is required which will 
mix with the sulphur chloride without decomposing 
it and which will also have a solvent or swelling action 
ontherubber. The first effect of a solvent is to penetrate 
the sheet causing it to swell. Of numerous substances 
which have been tried for this purpose, nothing has 
been found to work so well as carbon disulphide. Con- 
sequently it is generally used for this purpose in spite 
of its inherent drawbacks which include inflammability, 
volatility and a poisonousnature. The solution of sulphur 
chloride required is a very weak one, containing some- 
where about two or three per cent. of the chemical. 
This solution can be brushed or spread over the surface 
of the rubber by a suitable mechanical contrivance, 
or the article may be dipped in the solution. Another 
method by which the sulphur chloride may be applied 
consists in allowing the vapour to act on the surface of 
the rubber in a closed chamber. In this case, however, 
the rubber is not penetrated to the extent it would have 
been if a solvent had been used, and although the action 
of the vapour is under control, the surface primarily 
is acted upon, while the inner portions remain unvulcan- 
ized. Any excess of sulphur chloride may be removed 
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after treatment by washing the vulcanized articles in a 
weak solution of soda which decomposes the residues of 
sulphur chloride and neutralizes the hydrochloric acid 
formed in the reaction. As an alternative, the article 
may be well dusted with magnesia. The cold cure is the 
usual method of vulcanizing waterproof textures but not 
the only means. The method is also used for articles 
such as tobacco pouches and some surgical goods. From 
what has been said as to the penetration of the rubber 
by the sulphur chloride with the aid of a rubber solvent, 
it can readily be understood that the cold cure is only 
applicable to rubber in the form of thin sheets and 
preferably containing little or no loading. Some of the 
minerals used in rubber-mixings are inert, but a great 
number of them, particularly those of basic character, 
as magnesia, litharge, etc., are inadmissible for com- 
pounding rubber intended for cold curing, as these 
minerals react with the sulphur chloride and decompose 
it. 

Sulphur chloride is prepared by bringing the two 
elements together, dry chlorine being passed over heated 
sulphur. It is an amber-coloured liquid which fumes 
in the air and gives off vapours which irritate the eyes 
and nose. It is decomposed by water, and hence in 
working the cold cure process moisture must be care- 
fully excluded. In the manufacture of tobacco pouches, 
india-rubber gloves and similar articles, the unvulcanized 
sheet rubber is cut to shape and the article built up there- 
from on wooden moulds. The edges are joined up by 
making them overlap and gently pressing them together, 
or the edges may be brought up flush and the joint 
strengthened, if thought necessary, by laying a narrow 
strip over it. 

Unvulcanized rubber can easily be made to adhere 
if the surfaces are clean, and an inspection of any rubber 


COLD CURING OF INDIA-RUBBER 99 


tobacco pouch will illustrate the way these articles are 
made. In this connection, mention should be made 
of some of the best black india-rubber tubing; the joint 
along the tube is easily detected, and if made from cut 
sheet the strip is taken at right angles to the marks of the 
knife cuts, the latter forming circles round the tube. 

Cold curing is largely used for waterproof cloth. We 
refer to light cloth such as is used for the manufacture 
of the ordinary mackintosh, and which has been spread 
with a thin layer of rubber. The rubber is generally 
adulterated with substitutes, often with a large pro- 
portion of the latter, and the general low level of quality 
produced by competition and demand by the public 
for a low priced article, has considerably restricted the 
output of the industry in recent years. 

Reference has been made to a suitable mechanical 
contrivance for cold curing the cloth on which the rubber 
has been spread. This consists essentially of a wooden 
trough and roller dipping into it. The trough takes the 
solution of sulphur chloride in carbon disulphide and is 
built shallow, coming close up to the roller so as to expose 
as little surface of the solution to the air as possible, in 
order to minimize both evaporation of carbon disulphide 
and decomposition of sulphur chloride. The cloth is led 
with the rubber face downwards on to the surface of the 
wooden roller, which spreads an even layer on the rubber. 
The rubber is kept in contact with the wooden roller by 
guiding rollers and then passes over a heated table or drum 
to remove the remainder of the chemicals, and is finally 
re-rolled. Cold cure used to have the great advantage 
over vulcanization by heat in that the colours were 
better preserved, but to-day, owing to the low tempera- 
ture at which rubber can be vulcanized by the use of 
accelerators, the reverse is the case. Many of the coal- 
tar dyes can be used when the cloth is cold cured. Some 
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of the lustre effects on these cloths are got by the use of 
starch which is dusted on before treatment with the 
sulphur chloride solution. 


INDIA-RUBBER TEATS 


_ The use of rubber solution for the manufacture of 
spread sheet has been explained. Thereare other articles, 
such as teats for babies’ bottles, which are made on the 
same principle. The reader may smile, but the number 
of these india-rubber teats manufactured in the course 
of a twelvemonth is enormous. The visitor to the 
rubber factory may find a big department devoted to this 
purpose. Rows of narrow benches are arranged down a 
long room on which are trays containing rubber solution. 
Over the trays are suspended square boards from the 
underside of which project a great number of moulds 
of glass or varnished wood. These are dipped into the 
rubber solution and the naphtha evaporating leaves a 
thin layer of rubber on the surface of the mould. On 
dipping a second time another layer is deposited on the 
first until a sufficient thickness of rubber is obtained. 
The board with the moulds now covered with a layer of 
rubber are next lowered over a tray containing a solution 
of sulphur chloride in carbon disulphide, so that the 
rubber is vulcanized, and after washing the finished 
teat is slipped off the glass moulds, which are ready for 
making a fresh batch. With the introduction of planta- 
tion rubber teats may now be obtained pale yellow and 
almost transparent. 

While on the subject of goods made from rubber 
solutions, a few remarks may be made on the question 
of recovery of solvent. It is obviously an undesirable 
thing to breathe in an atmosphere containing much 
naphtha vapour, quite apart from the waste of solvent 
when this evaporates and is lost in the air. Various 
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suggestions have been made and plant erected for 
collecting the vapours given off from the spreading 
machine. A hood is provided over the table and a fan 
to draw the vapours up into the hood which then pass 
into a condensing arrangement consisting of silica gel or 
similar absorbent on which the naphtha vapours are 
condensed. The main difficulty is caused by the ad- 
mixture of air with the naphtha vapours. This makes 
it much more difficult to condense the vapours, and it 
is found impossible in practice to fit a hood and construct 
the spreading machine in such a manner that air is not 
drawn into the hood along with the naphtha vapours. 


TRANSPARENT MOULDED RUBBER 


In recent years many goods previously cold cured have 
been largely replaced by hot cured moulded goods, as 
by the use of suitable accelerators and restriction of the 
proportion of sulphur it is possible to manufacture 
pale transparent or translucent articles in this way. 
Much is also being done by replacing the solution of 
rubber in a solvent by means of rubber latex. The 
layer of rubber is either deposited by dipping in the 
latex or by a process of electro deposition. Compound- 
ing ingredients can be mixed with the latex and deposited 
with the rubber. The articles are subsequently vul- 
canized at a moderate heat. Alternatively one may use 
vulcanized latex, that is, latex in which each particle 
of rubber has been previously vulcanized, so that the 
article when made is already vulcanized and requires 
no further treatment (see Latex, published by the Rubber 
Growers’ Association). 
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CHAPTER XIII 
MISCELLANEOUS RUBBER GOODS 


INDIA-RUBBER BALLS, FOOTBALL BLADDERS, AND 
CHILDREN’S Toys, ETC. 


THE common method of making india-rubber balls, 
hollow rubber dolls, and similar toys, is a very ingenious 
one. It is obvious that they cannot be built round a 
mandrel or mould, as there would be no means of with- 
drawing the latter. They have also to be filled with air, 
To begin with, calendered sheet is provided of suitable 
composition and generally heavily mineralized. By 
cutting four segments out of the sheet of a suitable size 
and shape, and joining these along the edges a hollow 
article can be built up more or less resembling a ball. The 
shape of the segments will correspond to the four pieces of 
peel obtained by cutting up an orange into four quarters. 
Before joining up the edges two things must be done. 
Firstly, a small piece of rubber compound containing no 
sulphur and which will not, therefore, vulcanize with the 
rest of the rubber, is stuck on the inside of one of the 
segments. A mark is made on the outside to corre- 
spond, so that when the ball is vulcanized the position 
inside of this piece of unvulcanized rubber may be easily 
found. And secondly, a pinch of carbonate of ammonia 
is placed inside before joining up the edges. The ball 
is then sealed up, placed in an iron mould and vulcanized 
in the ordinary manner. The moulds are simple in 
construction, consisting of two hollow plates with a 
large number of hemispherical depressions correspond- 
ing with one another in the two plates. When the mould 
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gets hot it causes the carbonate of ammonia to vaporize 
and the pressure of this vapour inside the ball keeps the 
rubber pressed against the metal of the mould while 
the rubber is being vulcanized. When taken out the ball 
is found to be perfectly shaped on the outside. It is, 
however, quite soft and collapses as the carbonate of 
ammonia in the inside condenses to a solid again on 
cooling. To fill the ball with air, the operator takes a 
hollow needle, connected with a small bellows or air 
reservoir, and pushes the needle into the ball at the spot 
where the piece of unvulcanized rubber is fixed on the 
inner side. Air is then forced into the ball through the 
hollow needle and as the needle is withdrawn, the 
unvulcanized rubber closes over the hole so that the 
ball remains full of air under pressure. The same prin- 
ciples are applied in the manufacture of india-rubber 
dolls. Football bladders are put together out of sheet. 
Hot-water bottles are built up in a similar manner, 
but cloth insertion is used, as the function of the rubber 
in this case is to keep the bottle watertight and the walls 
are not required to expand, but merely to be flexible. 
Nevertheless, many hot water bottles are now moulded 
and vulcanized without insertion. This is a cheaper 
method of manufacture and gives a better finish, but 
the bottles are more liable to tear or split. Surgical 
goods, such as enemas and the like, are built of sheet and 
vulcanized in moulds in the same manner as india-rubber 
balls. 


INDIA-RUBBER SOLES AND SHOES 


The manufacture of india-rubber overshoes or goloshes 
is a very large industry, particularly in the United States, 
Gérmany, Russia, and Scandinavia, where there is a 
considerable demand for this particular article. In this 
country rubber shoes are used to a much smaller extent 
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and are principally worn by women and children who 
wear a lighter boot than men. Reference may also be 
made to the rubber ‘“ Wellington,’ which has become 
popular in the last year or two. Rubber shoes, like 
leather ones, are made on lasts, and we can also dis- 
tinguish between the “ soles ’ and the ‘ uppers,’’ which 
are made of different classes of compound. As in 
leather shoes, the soles must be made of a tough material 
to stand wear and tear, while the uppers require to be 
strong and elastic, but can be built much thinner. There 
is also the lining to consider which is made of some sort 
of rubber-proofed cloth to suit requirements. The soles 
are made of calendered sheet. A special form of calender 
is employed having an engraved roller which stamps or 
impresses on the rubber the common diamond pattern 
such as is usually seen on the underside of the sole. The 
roller in front at the top is engraved, for embossing in this 
case, for the uppers of shoes, a smaller calender being used 
for the soles. The sole piece is generally cut from the 
sheet by hand. The shoes are built up by hand on an 
iron or wooden last. The various pieces that go to form 
the shoe are supplied, already cut to shape, to the operator 
who joins them up on the last with the aid of a solution 
of rubber in naphtha. To vulcanize black the rubber 
must be compounded with litharge and lamp or gas black, 
but to give the shoes a bright gloss, presumably in 
imitation of polished shoe leather, the rubber is painted 
before vulcanizing with a special varnish, the main con- 
stituents of which are boiled oil, turpentine and lamp 
black. Much of the time and expense involved in the 
manufacture of rubber shoes is necessitated by the 
demand for an attractive looking article. The shoes 
must be neatly put together with a good glossy surface 
and of good appearance generally if they are to sell 
readily. They are usually so neatly made that they look 
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like mould-cured goods. A dozen or more pieces are 
required to build up a single shoe, and when the lasts are 
covered they are placed on a frame and cured in hot air 
chambers. 

Besides goloshes there are various military boots 
and similar articles of rubber which are made in the 
same way. 

Of recent years vulcanized rubber has largely replaced 
leather for the soleing of boots and shoes with uppers 
made of leather in the ordinary way. This development 
started with the introduction of heel pads, or small 
pieces of hard-wearing rubber which could be attached 
to the heel and served to prolong the life of the latter. 
The next development consisted of soles in addition to 
the heels. The use of rubber soles was long delayed, 
owing to the difficulty of securing the latter to the leather. 
They could not be satisfactorily nailed or screwed on 
as in the case of the heel pads. The difficulty was solved 
by the discovery of improved rubber solutions or 
adhesives, which enabled the rubber sole to be attached 
without damaging the existing leather sole, so that 
“stick-on ’’ soles and heels are now in common use. 
The latest development of the rubber sole is the manu- 
facture of boots and shoes with rubber soles in the place 
of the usual leather soles. This development has been 
accelerated by the high price of leather, and the superior 
wearing qualities of the rubber. For this purpose new 
types of vulcanized rubber have been introduced, con- 
sisting of rubber very heavily compounded with carbon 
black, so that the rubber is not very resilient or springy, 
but still flexible and leather-like in quality. A reference 
in this place should also be made to the bright-coloured 
bathing shoes which have displaced to a large extent the 
older types of black rubber. These are made by various 
processes, some by vulcanizing in the heat with 
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accelerators and the minimum quantity of sulphur. 
There is also the crépe rubber sole, which consists of raw 
crépe rubber specially prepared for the purpose. Shoes 
soled with crépe are in great demand for sports purposes 
and country wear, although unsuitable for use on the 
muddy pavements of towns, owing to the danger of 
slipping. 
STATIONERS’ RUBBER 


Ink erasers and rubber for removing pencil marks as at 
present manufactured are much better adapted for the 
purposes for which they are required than the hard lump 
of raw rubber that was at one time used. For erasing pur- 
poses either the paper itself or the rubber must be worn 
away. For erasing pencil marks the rubber should be 
soft enough to crumble down without wearing the sur- 
face of the paper, and therefore for this class of article 
no harm is done in compounding with a liberal proportion 
of oil substitute. On the other hand, for erasing ink 
marks a hard rubber is required, into the composition of 
which some gritty mineral enters, such as ground pumice 
or glass, the object of the ink eraser being to wear 
away the surface of the paper to a depth to which the 
ink has penetrated, as ink does not lie on the surface 
of the paper like a pencil mark. 


RUBBER SPONGES 


There are a number of obvious means for producing 
air-bells in a mass of vulcanized rubber, for instance, 
one might apply the principle employed in the manu- 
facture of rubber balls incorporating ammonium car- 
bonate in granular form with the rubber compound, 
so that at the temperature of vulcanization each particle 
of the chemical forms an air-hole. However this may 
be it would appear to be a difficult matter to obtain 
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an even and regular distribution of large air-bells 
throughout the mass. 

For many purposes this is not necessary, a soft porous 
mass only being required. More recently types of sponge 
have been put on the market in which the pores are very 
small and regular—each pore being shut off from the 
adjoining ones by its surround of rubber. This type of 
sponge is not suitable for domestic purposes, but has 
valuable qualities as a heat insulator, filler for life belts, 
etc. There are a great many uses to which sponge 
rubber may be put, and these are developing. Thus it 
is being adopted for upholstery purposes, for toy balls, 
or bouncers, for mats, etc. 


ASBESTOS WASHERS 


Rubber is often used as a binding material, as in the 
manufacture of asbestos washers. For making these, 
the rubber is softened with benzine so that the mixing 
can be carried out in a Werner-Pfleiderer machine 
instead of the ordinary mixing-rollers, which would 
break up the asbestos fibres too much. The aim is to 
keep these fibres as long as possible, consistent with a 
thorough mixture with the rubber and other ingredients, 
mostly fillers. The internal type of machine is used. 
Although built modified in different ways for different 
purposes, the general type of this machine consists in prin- 
ciple of an oblong trough; two shafts parallel with one 
another and carrying curved arms pass through the sides 
of the trough, and these shafts are driven at different 
sp2eds by suitable gearing. The curve and shape of the 
arms have been carefully designed, and to this the 
success of the machine must be largely attributed. The 
mixture complete, the material is sheeted and after re- 
moval of the solvent forms a very tough sheet, especially 
where a good class of long-fibred asbestos has been used. 
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Washers made in this way where the rubber is used 
merely as a binding material, will stand a much higher 
temperature and steam pressure than the older type 
of rubber washer in which both a larger proportion of 
rubber was used and a rubber of better quality. As 
ite compounds, and under other names, very large quan- 
tities have been put on the market, and have found a 
ready sale. This is especially owing to the greater 
demands put upon this class of article since the use 
of superheaters for steam raising has become general. 


CHAPTER XIV 
VULCANITE 


VULCANITE, ebonite, or hard rubber (German Hart- 
gummt) is made, speaking broadly, in the same manner 
as the ordinary soft rubber goods, except that larger 
proportions of sulphur are employed and the vulcan- 
ization takes longer, while the temperature is generally 
higher. Reference to vulcanite has been made when 
speaking of dental rubbers. The best vulcanite is made 
from rubber and sulphur only in proportions somewhere 
in the neighbourhood of ten to three, or four; usually, 
however, a very small quantity of softeners is added. 

The effect of increasing the proportion of sulphur and 
the time and temperature of vulcanization on the 
physical properties of vulcanite may be noted. When 
under-cured the tendency of the vulcanite is to be soft 
and leathery; it is tough but easily bent and shows 
little inclination to return to its original position. These 
properties are less marked as the time of curing is 
lengthened, and at the right stage a thin sheet of 
vulcanite is no longer soft but full of “spring,” and 
returns at once when bent out of shape, although it is 
so tough that it can be bent double without breaking. 
If the cure be carried further the vulcanite gets harder, 
offers more resistance to bending but tends towards 
brittleness. 

Vulcanite is easily softened by heat as, for instance, 
boiling water, when it can be shaped as required, or will 
take an impress, becoming hard and resistant again on 
cooling. If of good quality without mineral admixture 
it will take an excellent polish and has been used for 
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ornaments. Perhaps the most familiar article for which 
it is now used is the fountain pen. Vulcanite can not 
only be moulded but cut and turned, and is also very 
resistant to strong acids and other chemicals, so that 
it is a most suitable material for making troughs, pipes, 
joints and cocks, for chemical manufacturing purposes ; 
also photographic developing trays and electric accumu- 
lators. In the latter articles its high specific resistance 
as an electric insulator is of great value. 

The mixing of the compound intended for vulcanite 
is done in the same way as for soft rubber. When 
intended for polished articles care must be taken to 
exclude all grit, but for technical articles this does not 
matter so much. In place of ground waste, vulcanite 
waste is used which is finely ground, and this gives a 
better result than a mixture of rubber and sulphur alone. 
A tough substance like vulcanite takes a good deal of 
grinding, which is done in easy stages ; one machine, like 
a stone breaker, breaks the waste down to large lumps, 
a second machine reduces this to coarse powder, which is 
reduced to fine dust on powerful rollers built like a 
mixing machine. The dust is sifted from coarser par- 
ticles which go back to the rollers again. Besides 
vulcanite dust numerous fillers and reclaimed rubber can 
be used. Where the object is to produce an article which 
is to be finely polished, gritty substances must, of course, 
be avoided, and to get a fine smooth surface in the case 
of sheets the calendered unvulcanized compound is laid 
on a table and covered with a large sheet of tinfoil, which 
is made to adhere closely by the application of a heavy 
roller. The sheets thus coated are placed in an iron 
frame and vulcanized in water with steam under pressure. 
When cured properly the tinfoil comes away easily from 
the surface, but if under-cured it tends to stick just as 
when curing soft rubber in cloth. 


CHAPTER XV 
Direct UTILIZATION OF RUBBER LATEX 


ATTENTION has been drawn in parts of this book to 
the disadvantages attaching to the mechanical working 
of india-rubber in the processes of washing, masticating, 
and mixing. Washing rollers, unless carefully handled, 
may do a lot of damage to raw rubber, especially in the 
freshly coagulated state, and mention has been made 
of washing machines designed to wash rubber effectively 
with less working than the ordinary washing rollers. 
This type of machine is used on many rubber plantations 
for washing the scrap rubber for which purpose it has 
been found very effective. In the ordinary manufac- 
turing processes mastication of the rubber is necessary 
in order to reduce it to a condition in which it can be 
brought into intimate admixture with sulphur and other 
ingredients, or, in the case of articles intended to be cold 
cured, the rubber must be obtained in a condition in 
which it can be sheeted. Even for spread sheets and 
other cases where the rubber is applied in the form of a 
solution in naphtha mastication is necessary in order to 
promote the ultimate solution of the rubber in the 
naphtha. 

To obviate the need of mastication suggestions have 
been made for the manufacture of rubber goods direct 
from the latex. The first proposal was to partially 
manufacture rubber goods in Ceylon and other parts of 
the East, by mixing sulphur and minerals with the latex 
before coagulation. The coagulated latex was then to 
be dried in the form of sheet or pressed into blocks. 
It has also been suggested that the latex be treated 
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with a solution of sulphur, presumably an alkaline 
sulphide from which sulphur will be precipitated in a 
finely divided form, at the same time as the rubber is 
coagulated by the addition of acid. The general idea 
in working these processes was to ship the dry rubber 
containing the sulphur and mineral, so as to effect a 
saving in time and labour in a subsequent manufacturing 
stage. It may be safely asserted that such suggestions 
would never have appeared in print had the authors 
possessed an elementary knowledge of the rubber 
manufacturing industry. 

On the other hand, there has been a great development 
of interest in the production of articles direct from rubber 
latex, the latter being shipped to the manufacturing 
centres in the place of the raw rubber itself. This 
suggestion was first made by Morisse, whose name has 
been almost lost sight of. Morisse published a number 
of articles on the subject and prepared samples, but was 
unsuccessful in persuading manufacturers to take the 
matter up. The discovery of Schidrowitz that it is 
possible to prepare, commercially, vulcanized latex, 
which on removal of moisture deposited vulcanized 
rubber, gave a great impetus to the study of latex. As 
the raw material for rubber manufacture research on a 
large scale is now going on at rubber factories both in 
this country and abroad. A very large number of 
patents have been taken out in this connection, but the 
commercialization of these has hardly begun. Articles 
from vulcanized latex (called Vultex) are, however, 
made in some quantity, and possess excellent physical 
properties. There is a great future in store for the 
exploitation of Vultex. 


APPENDIX 


FIRE HAZARDS OF RUBBER MANUFACTURE : 
THEIR POSSIBILITIES AND PREVENTION 


By Joun Davinson, F.R.S.A., A.C.LI. 


Two things must be considered when computing the 
fire hazard of any manufacturing process : first, whether 
the methods employed are themselves likely to induce 
an outbreak of fire; and second, whether the material 
under process of manufacture is of an inflammable 
nature. There are certain hazards common to most 
industrial risks—hazards from such features, for example, 
as the construction of the building, its size or capacity, 
the methods employed for heating and lighting it, its 
proximity to other buildings, and so on. These are 
hazards incidental to most industrial risks—although, 
of course, they vary in their degree of intensity according 
to the particular circumstances of the individual cases ; 
they are what might be called normal hazards, in the 
sense that they are inevitable where any trade or manu- 
facturing process is carried on, but these incidental, or 
what I have termed inevitable, hazards become accen- 
tuated where there is also a hazard inherent in the nature 
of the process or in the material under process. With 
machinery, for example, there is always the risk of fire 
from friction in the moving parts of the machine, due 
either to faulty lubrication or to a loose or worn bearing, 
but that risk is increased if the machine is working on 
material that happens to be of an inflammable nature, 
such as is met with in some of the textile industries. 
In some risks, therefore, the hazard lies in the methods 
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employed in the manufacturing process ; in others, in 
the nature of the material under process; while in 
others, again, both these factors are contributing to the 
fire hazard. 

A rubber factory belongs to the third of these cate- 
gories. Not only is the commodity in process of manu- 
facture of an inflammable nature, but the processes 
through which it is required to go in the course of 
manufacture involve in themselves many features of 
hazard. In many of these processes chemical and 
physical changes are taking place; certain mineral and 
other ingredients are mixed with the raw rubber to form 
a compound, and some of these are of an inflammable 
nature. Artificial heat is applied at various stages of 
the process—for example, during mastication and calen- 
dering, and more particularly in vulcanizing, where the 
rubber is heated by steam under pressure in vulcanizing 
cylinders to such a temperature that it becomes semi- 
fluid. Again, in the manufacture of rubber goods of 
many descriptions, a rubber solvent is used. This 
solvent is usually naphtha, a volatile and inflammable 
spirit, and its use in some departments where rubber 
articles are being made constitutes one of the chief 
hazards of a rubber factory. 

A rubber solution, or rubber cement, is required for 
fixing together the various parts of all the many different 
kinds of rubber goods made in a rubber factory—india- 
rubber balls, hot-water bottles, rubber shoes, goloshes, 
waterproof clothing, rubber tyres, and a host of miscel- 
laneous articles. This rubber solution is obtained by 
dissolving unvulcanized rubber in naphtha, the naphtha 
acting as a solvent, and is used wherever the article that 
is being made is built up of different parts, the adhesive 
quality of the solution effecting a thorough union of the 
parts. Each worker is supplied with a small tin of 
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naphtha, filled from a larger vessel, which, for the sake 
of safety, should hold no more than what is required 
for the day’s work. If the factory is turning out these 
different manufactured rubber goods in quantities the 
amount of loose naphtha handled during working hours 
must be considerable, and in considering the fire hazard 
from the use of naphtha it should be borne in mind that, 
despite all the precautions that may be taken in the 
storage and handling of it, its presence in and about the 
factory is materially accentuating any other hazard 
involved in the manufacturing process. Naphtha is a 
volatile spirit, which means that it quickly evaporates, 
and when mixed with the air it forms an explosive 
mixture which, owing to the low flash point of naphtha— 
below 60° Fahr.—can be easily fired. It will be readily 
understood, therefore, that should a fire break out from 
any cause, the consequences will in all likehhood be 
more serious than might otherwise have been the case. 
The naphtha vapour, owing to its inflammability, and 
the fact that, being heavier than air, it may be lurking 
under machines, benches, and other confined spaces, will 
assist combustion and accelerate the spread of fire. 

In this connection the spreading department, because 
of the naphtha vapour given off while the spreading 
operations are in progress, is admittedly the most 
dangerous of all the rubber processes from the point of 
view of fire hazard. Naphtha, for the reason just 
stated—namely, its volatility and inflammability—is a 
dangerous substance to handle at any time, and the 
danger is intensified when naphtha is used in any 
quantity, as in the spreading room. To allow such 
inflammable spirit to come into contact with a naked 
light would, of course, be to court trouble, and for that 
reason everything likely to incite ignition of the naphtha 
vapour should be rigidly excluded from the spreading 
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room. That, however, is not always possible. Artificial 
light will be required during the winter months, and 
although the use of incandescent electric light for arti- 
ficial lighting is safer than most other methods, it does 
not always eliminate the risk of fire. Fires due to 
electrical faults and other electrical causes are not 
uncommon, and while these in the majority of cases 
may not assume serious proportions, it is not difficult 
to perceive how serious would be the results of an 
electrical fire in the spreading room, impregnated as it 
is with naphtha vapour. Another point to remember 
in connection with the spreading room is that as the 
proofed cloth is passing through the rollers frictional 
electricity may be generated sufficient to discharge an 
electric spark which might ignite the naphtha vapour. 
That is one of the dangers inherent in the process 
itself. 

To reduce the risk of fire as far as possible, and mini- 
mize its consequences, the spreading room should be a 
detached building of one story, and freely ventilated 
to carry off the naphtha fumes. The electric installa- 
tion, whether for lighting or for power, should be kept 
under close supervision ; all cables should be in screwed 
metal tubing to prevent accidents from faults; the 
lighting bulbs should be enclosed within double globes, 
and flexible lights, owing to their susceptibility to 
injury, should be prohibited. If electro-motors are 
used, these should be completely enclosed and kept 
clean to prevent sparking at the brushes. This applies 
not only in the spreading room but throughout the 
factory where naphtha is being used. I have mentioned 
that frictional electricity may be generated when the 
proofed cloth is passing between the rollers of the 
spreading machine. To carry off any electricity gener- 
ated in that way, the spreading machine should be 
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“ earthed,’ and to deal with a naphtha fire in the 
spreading room or elsewhere, special fire appliances, 
such as buckets of sand or chemical extincteurs, should 
be installed. Happily, the danger from the use of 
naphtha and other similar volatile and inflammable 
spirit is so apparent and so fully recognized that every 
precaution is taken to avoid accidents from that cause. 
Incidentally, the spreading department of a rubber 
factory affords an apt illustration of how a hazard com- 
mon to most industrial risks, but generally regarded as so 
remote as to be in many cases almost negligible, becomes 
a matter of serious importance when considered in rela- 
tion to the particular manufacturing process carried on. 
Incandescent electric light, as has already been stated, 
is regarded as the safest method of artificial lighting, 
and yet its presence in those departments of a rubber 
factory where naphtha is used may be a source of con- 
siderable danger. This applies to an even greater extent 
when electricity is employed as a motive power. 
Another important consideration, and what should be 
particularly noted, is the manner in which the reserve 
stock of naphtha is stored. The question to be deter- 
mined is how far the fire hazard in the factory generally 
is affected by the naphtha storage arrangements— 
whether, that is to say, these are likely to increase the 
zone of fire. The question can be considered from two 
aspects: first, whether a fire breaking out in the storage 
tanks or vessels will involve adjacent buildings; and, 
second, whether a fire in an adjacent building will 
involve the storage tanks and by that means be com- 
municated to other buildings which otherwise might 
have escaped. The general lay-out of the factory may 
be excellent from the point of view of the fire risk, but 
these efforts may be neutralized owing to the danger to 
adjacent buildings from the naphtha storage tanks. 


9—(1466) 


118 APPENDIX 


Attention, therefore, should be paid to the location of 
these tanks and their effect in communicating a fire to 
adjacent property, thereby increasing the fire zone 
beyond what might otherwise be expected. 

But there are other factors in the rubber process 
besides the use of naphtha contributing to the fire 
hazard. In the initial stages of the process of manu- 
facture, namely, washing, drying, masticating, mixing, 
and calendermg—when the crude rubber is brought into 
a condition suitable for the manufacture of rubber 
goods—there may not be any particular hazard beyond 
what is usually found when steam-heated appliances 
are used, except that some of the ingredients used for 
mixing with the rubber may, owing to their physical 
condition, be of a more or less inflammable nature, or, 
at all events, might tend to intensify the ordinary fire 
risk by assisting combustion. For example, some of 
the finely powdered ingredients such as lamp-black or 
carbon dust would, of course, be liable to ignite in air. 
The point is one which should be kept in mind, especially 
in relation to the mixing and storage of these ingredients. 

Vulcanizing plays an important part in the manu- 
facture of all rubber goods, and is not the least important 
of the factors contributing to the fire hazard of the 
factory. The object of vulcanizing is to amalgamate 
the rubber and the ingredients which were mixed with 
the raw rubber during masticating and mixing. This 
union or combination is brought about by applying heat 
to the compound and is done by steam under pressure 
in vulcanizing pans. The hazard from the vulcanizing 
process lies in the degree of heat radiated by these 
pans, and the first consideration, therefore, is to see 
that nothing of a combustible nature is allowed to 
remain in the vicinity of the cylinders. There should 
be no woodwork near or within range of the heat radiated 
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by the cylinders—either wood floors, wood partitions, 
lining, or shelving, otherwise it will only be a matter 
of time before such woodwork will ignite; nor should 
anything liable to ignite be allowed to accumulate near the 
pans. Fires in vulcanizing pans have been caused through 
waste material such as wood chips, paper, cardboard 
cuttings, etc., being inadvertently taken into the pans 
during loading operations and, becoming ignited when 
the pan was heated, damaged both the pan and the 
articles loaded into it for vulcanizing. The same con- 
siderations apply in the vulcanizing process as in any 
other process requiring the application of heat, namely, 
the risk of anything of a combustible nature being ignited 
by the heat given off. There is also the risk of explosion 
from excessive pressure, although the cylinders, like 
other vessels under steam pressure, are provided with 
safety devices to obviate that danger. 

Other features of hazard may be found in some of the 
subsidiary processes such as varnishing, especially where 
a mixture of linseed oil and naphtha is used. Rubber 
shoes, for example, are varnished to give them a glossy 
appearance and then vulcanized, a proportion of lamp- 
black being mixed in the rubber compound at the 
mixing stage to produce black vulcanizing. If the 
varnish is made at the factory, it will be necessary to 
determine to what extent that process is affecting the 
fire hazard. Attention will require to be paid to the 
manner in which the boiling pans in which the linseed 
oil is boiled are placed and heated ; what materials are 
used with the linseed oil, and the arrangements for 
storing the boiled oil—for all these are factors in the 
fire hazard incidental to varnish making. If old rubber 
is ground, as will likely be the case, attention should be 
paid to the methods employed for doing that. Sulphuric 
acid may be used for dissolving fabric off old rubber 
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and there may be some drying process for drying the 
ground rubber by artificial heat after washing. Through- 
out the factory there will be found a variety of drying 
arrangements, and attention should always be paid to 
these to ascertain how the fire hazard is being influenced 
by the various appliances used for drying. Furthermore, 
where the factory is a large one, producing many different 
kinds of rubber goods, from the simplest article to tyres 
for motor vehicles, hazards which are incidental to 
individual manufacturing processes may be found in 
accumulation with each other. If, for example, water- 
proof garments are made, there will be the ordinary 
hazards of a clothing factory arising from power-driven 
sewing machines, stoves, or other appliances for heating 
irons, with superimposed on these the hazard from the 
use of rubber solution. 

In addition to the hazards which have been specially 
mentioned there are others, some of which are peculiar 
to the rubber process, while others are common to most 
manufacturing risks and arise from the various machines 
and appliances used. It is scarcely necessary, however, 
to consider all these in detail. Only the outstanding 
hazards have been referred to here—the hazards, namely, 
that are inseparable from the rubber process and are 
found existing in all rubber factories, whether these are 
large or small. There are such a multitude of operations 
comprehended in the rubber process that it would be 
almost impossible to consider the fire hazard of all these 
individually. Some of these operations, moreover, may 
be found at one factory but not at another—it would 
depend on the extent of the factory and the class of 
goods manufactured. What has been aimed at here is to 
point out in broad lines the hazards generally associated 
with the rubber process without discussing in detail the 
particular hazards of individual operations. 
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Although, of course, there are certain hazards inevit- 
able in the rubber process, these may be to some extent 
minimized by the adoption of certain precautionary 
measures, as in the case of other manufacturing or 
industrial risks. Perhaps one of the main considera- 
tions is to avoid accumulation both of risks and of 
values. To that end the departments should be as 
much self-contained as possible, so that a fire in one 
will not involve another ; that applies especially where 
there is the risk of explosion. The fire hazard in storied 
buildings is greater than with shed buildings, and that 
is a feature to be taken into consideration in estimating 
the fire risk of a rubber factory. Cleanliness is another 
factor affecting the fire hazard, and all refuse, therefore, 
of whatever nature should be regularly removed and 
not allowed to accumulate on the floors. Owing to the 
frictional risk, all machinery should be kept under careful 
supervision, cleaned, and thoroughly lubricated. This 
is important having regard to the presence of naphtha 
vapour about the machines. Another point deserving 
consideration is accumulation in values. This will apply 
chiefly in the warehouse where the finished stock is 
stored. If the building is large, the values congregated 
there will be important, and these goods are of such a 
nature that a fire breaking out might damage them to 
such an extent, either by the direct action of the fire 
or by the water used in extinguishing operations, as to 
leave little salvage, resulting in a severe loss. 
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writing, etc. 


By A. J. LAwFrorp JONES : : ; - Net 
Elementary Precis Writing 
By WALTER SHawcRoSS, B.A. - Net 


Guide to Indexing and Précis Writing 
By W. J. Weston, M.A., B.Sc., and E. Bowker Net 


Indexing and Précis Writing 
By A. J. Lawrorp Jonus ‘ ‘ ‘ » Net 


6 


3/6 
3/8 
3/6 


3/6 
3/6 
3/6 
3/6 
3/8 
3/6 


2/6 
2/6 
2/6 


2/6 


3/6 
2/- 
2/- 
2/6 


COMMERCE, ETC. 


Commerce for Commercial and Secondary 
Schools 
By A. J. FAvELL, B.Sc.(Econ.), A.C.LS. . , . 
Commerce, Stage I 
By A. JaMeEs, F.F.T.Com., F.R.Econ.S. 
Commercial Handwriting and Corre- 
spondence + ee & weg . Net 
Commercial Practice 
By ALFRED SCHOFIELD, B.Sc. (Econ.) ; « Net 
Elements of Commerce 


By F. Heywoop, A.C.1S. ‘ ; ‘ » Net 
How to Study for Examinations 

By D. Cooper : ‘ : ; 
Manual of Business Training .  . . Net 
Modern Business and Its Methods 

By W. CAMPBELL, Chartered Secretary ‘ . Net 
Popular Guide to Journalism 

By A. KINGSTon . é . Net 
Practical Journalism and Newspaper sali 

By A. Baker, M.J.I., and E, A. Cope. Net 


Principles and Practice of Commerce 
By James STEPHENSON, M.A., M.Com., D.Sc. . Net 


Principles of Business 


By JamMes STEPHENSON, M.A., Com., D.Sc. 

Part I, Net 2/6;  . . Part II, Net 
Questions and Answers on Sdsinieas Practice 

By E. J. Hammonp, A.O.1LS., ALAA. . . Net 
Routine of Commerce 

By ALFRED SCHOFIELD, B.Sc.(Econ.) ‘ . Net 


Short Story Writing and Free Lance 
Journalism 


By Sypney A. MOSELEY . : ‘ - Net 
Theory and Practice of Comineres 

Edited by F. Heretis, F.C.LS. ‘ ‘ - Net 
Traders and Trading 

By W. J. WESTON, M.A., B.Sc. ; ° - Net 
Wholesale and Retail ‘Beage 

By W. CaMeBEIL. : ‘ . Net 


7 


3/6 
2/6 
2/6 
3/6 


4/—- 


4/- 
7/6 
2/6 
3/6 


8/6 


3/6 
5/- 


4/- 


7/6 
7/6 
2/6 


ENGLISH AND COMMERCIAL 


CORRESPONDENCE 

Business Letiers in English 

By W. J. WEsTon, M.A., B.Sc. ° ‘ - Net 
Commerce and Correspondence 

By E. H. Grout, B.Sc.(Econ.) 3 . . Net 
Commercial Correspondence and Commercial 

English ~ oo.  « . Net 

Commercial Dictionary. .  . Net 
Correspondence of Commerce, The 

By A. Rispon Paummr, B.Sc., B.A. ‘ . Net 
Dictionary of Correct English, A 

By M. A. Pink, M.A. , . Net 


English and Commercial Correspondence 

By H. Nacaoxka and D. THEOPHILUS, B.A. ; 
English Composition and Business 

Correspondence 

By J. F. Davis, D.Lit.. M.A., LL.B. (Lond.) . Net 
English Exercises. A Book of pomonyns 

By B. 8S. BARRETT ; ° 
English for Commercial Students 

By H. W. HovGHToN ; : . Net 
English Grammar and Composition 

By W. J. WESTON, M.A., B.Sc. (Lond.) . . Net 
English Mercantile Correspondence . Net 
Guide to Commercial Correspondence 

By W. J. WESTON, M.A., B.Sc. (Lond.) . ° 
How to Teach Commercial Hagen 

By WALTER SHAWCcROSS, B.A. ; . Net 
Manual of Commercial English 

By WALTER SHawcross, B.A. . Net 
Manual of Punctuation. By W. D. WESTER 
New Era Spelling Manual 

By H. J. Bower. : i : : 
Pocket English Dictionary . Net 
Principles and Practice of Commercial Corre- 

spondence. By J. Stepuenson, M.A., M.Com. Net 


Punctuation as a Means of Exiression 


By A. E. Lovett, M.A. . - Net 
Synonyms and Antonyms, Pitman’ s Book of 
Net 


PRICE 
3/6 
5/- 


3/6 
1/6 


4/- 
2/6 
3/6 


2/- 
3/8 
2/6 


4/6 
3/6 


2/6 
3/6 


3/6 
1/- 


2/6 
1/6 


7/6 


2/6 


GEOGRAPHY AND HISTORY 


Commercial Atlas of the World ; . Net 


Commercial Geography of the British Empire 
Abroad and Foreign Countries . . Net 


Commercial i ad of the British 
Isles . . Net 


Commercial Gaeiy of the World . Net 
Commercial History 


By J. R. V. MArRcHAnt, M.A. a ; » Net 
Economic Geography 

By John McFar.ane, M.A., M.Com, ; . Net 
Economic Geography, The Eamiciples of 

By R. N. RupMose Brown . Net 
Economic Resources of the Empire 

Edited by T. Worswick, 0.B.E., M.Sc. . . Net 
Elements of Commercial Geography 

By C. H. Grant, M.Sc., F.R.Met.Soc. ; . Net 
Elements of Commercial History 

By Frep Hatt, M.A., B.Com., F.C.1.S. . . Net 
wecerenhy of Commerce, The 

y W. P. Rourrer, M.Com. . , ‘ . Net 


History of Commerce, The 
By T. G. WILLiams, M.A., F.R.Hist.S., F.R.Econ.S. Net 


Main Currents of Social and Industrial Change, 
1870-1924 


By T. G. WiLtiaMs, M.A. . : ‘ . Net 
Outlines of the Economic History of England 

By H. 0. Mereprru, M.A.,M.Com. . , . Net 
Principles of Commercial History 

By J. STepHenson, M.A., M.Com., D.Sc. » Net 


Rise of British Commerce, The 
By K. G. Lewis, B.A., and N. BRANTON 


Statistical Atlas of the World, A 
By J. STEPHENSON, M.A., M.Com., D.Sc. . Net 


2 9 


5/- 


3/- 


2/6 
4/6 


5/6 
10/6 


7/6 


2/- 


2/- 


o/- 


3/- 
7/6 
7/6 
3/6 


76 


ECONOMICS 


Dictionary of Economic and Banking Terms 
By W. J. Weston, M.A., B.Sc., and A. CkEw . Net 


Economics Educator 


Edited by J. H. Jones, M.A. Three Vols. . Net 
Economics for Business Men 

By W. J. WESTON, M.A., B.Sc. ; ; » Net 
Economics for Everyman 

By J. E. LE Rossiegno. ; . Net 
Economics of Private Enterprise, The 

By J. H. Jones, M.A... z Net 
Economics of Instalment Trading and ‘Hire 

Purchase. By W. F. Orick.. . Net 


Economics of the Manufacturing Business 
By W. A. Stewart Jones, F.C.W.A., F\S.S. 


Economics : principles and eroplems 


By L. D. Epi : - Net 
Elements of Political Economy 

By H. Hat, B.A. ‘ ‘ - Net 
Exercises in Economics 

By A. PLumamr, M.Sc. (Econ.), M.A., LL.D. . Net 
Guide to Political Economy 

By F. H. Spencer, D.Sc., LL.B. , ‘ ~ Net 
Industrial Combination in England 

By P. FirzGERAtp, D.Sc.(Econ.) ; ‘ ~ Net 


Introduction to Business Economics 
By J. STEPHENSON, M.A., M.Com., D.Sc. 


Outlines of Central Government 
By Joun J. CiarKe, M.A., F.S.S. . , Net 


Outlines of Industrial and Social Economics 


eT wee ahaa dais F.S.S., and Jamus E. pe 


A.O.LS. 
Outlines of Local Government of the United 
Kingdom (and the Irish Free State) 


By Joun J. Crarke, M.A, FSS. . . . Net 
Plain Economics 
By JoHn Lee, M.A., M.Com.Sc., ‘ ‘ » Net 


Road to Plenty, The 
By W. T. Fostsr and W. CatcHines ‘ - Net 
Substance of Economics, The 
By H. A. Sttverman, B.A. (Econ.) . ‘ . Net 
10 


PRICE 


5/- 
63/- 
3/6 
5/- 
7/6 
5/- 
3/6 
15/- 


2/- 


3/6 
10/6 
3/6 
5/- 


1/6 


5/- 
3/6 
3/6 


BANKING AND FINANCE 


Answers to Questions Set at the Examina- 
tions of the Institute of Bankers 
By L. L. M. Minty, Ph.D., B.Sc., Econ., B.Com.— 
Foreign Exchange. Part I & Part II Each Net 
Economics. Part I & Part Il ‘ - Kach Net 
ee Grammar and eee Part I Net 


Part II . Net 
Banker asa Lender, The 
By F. E. STHELE.. : ‘ ' - Net 


Bankers’ Advances 
By F. R. Steap. Edited by Sm JoHNn Paget, K.C. Net 


Bankers’ Advances out Produce 


By A. Wituiams, A.I.B. Net 

Bankers and the Property Statutes of 1925 
and 1926. By R. W Jonss j Net 

Bankers’ Credits 

By W. F. SpaLpine ‘ - Net 
Bankers’ Securities Against Advances 

By Lawrence A. Foae, Cert. A.L.B. ‘ - Net 
Bankers’ Clearing House, ane 

By P. W. MatrHEews ‘ ; ‘ . Net 
Bankers’ Tests 

By F. R. Steap . Net 
Bank Organization, Management, etc. 

By J. F. Davis, M.A., D.Lit., LL.B. (Lond.) . Net 
Bills of Exchange Act, 1882, The 

By M. H. Mecrag, B.Com. Net 


Bills of Exchange Acts, A Practical Exam- 
ination of the 


By C. H. PENNELL ; ‘ ‘ - Net 
Cheques. By ©. F. micas  -& . Net 
Dictionary of Banking 

By W. THOMSON and LLOYD CHRISTIAN . . Net 


Dictionary of Banking Terms in Three 
Languages, ene: -French- corm) 
By L. HERENDI : Net 
Dictionary of the World’ S Currencies and 
Foreign Exchanges 
By W. F. SPALDING Net 
Eastern Exchange, Currency, and Finance 
By W. F. SPALDING ‘ ; . Net 
1] 


3/6 


5/- 


7/6 
6/- 


30/- 


30/— 
15/- 


Banking and Finance—contd. 


PRIOR 

Elements of Banking 

By J. P. Ganpy . Net 2/- 
English Banking Administration, An Outline of 

By Josepa Syrxus, B.A. (Hons.) ; : . Net 2/6 
English Banking Methods 

By L. L. M. Minry, Ph.D., B.Sc., B.Com. - Net 15/- 
English Composition and Banking Corre- 

spondence 


By L. E. W. O. FutrBrook-Leaaatt, M.C., B.A. Net 6/~ 


Foreign Banking Systems 
Edited by H. Parker WIuis and B. H. ceca i 


21/- 
Foreign Exchange and Foreign Bills in Theory 
and in Practice. By W. F.Spaupm~a  . Net 17/6 
Foreign Exchange, A panne uf 
By W. F. Spatpina ‘ . Net 3/6 
Foreign Exchanges, Arithmetic and Practice - 
of the. By A. G. Suaa, Cert. AIB. . . Net 3/6 
Foreign Trade, The amanee of 
By W. F. SpaLpine : . : . Net 7/6 
Functions of Money, The 
By W. F. SPALDING ; : ; - Net 7/6 
How to Succeed in a Bank 
By F. F. STeErE.. : ‘ - Net 3/6 
London Money Market, The 
By W. F. SpaLpIne : : - Net 10/6 
money Exchange, and Banking 
By H. T. Easton, A.1.B. : Net 6/- 
Notes on Banking and Commercial Law 
By T. Ltoyp Davies ___. . Net 3/- 
Practical Banking 
By J. F. G. Baasuaw, Cert. A.I.B. , . Net 76 
Talks on Banking to Bank Clerks 
By H. HE. Evans F . Net 2/6 
Theory and Practice of Finance, The 
By W. CoLtIn BRooks . . Net 10/6 


Title Deeds Old and New 
By Francis R. Sreap. . ‘ ‘. » Net 6/- 
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INSURANCE 
Actuarial Science, The Elements of 


By R. E. UNDERWOOD, M.B.E., F.LA.  . - Net 
Average Clauses and Fire-Loss Apportion- 
ments. By E. H. Minnion, F.C.L1. . . Net 


Building Construction, Plan Drawing, and 
Surveying in Relation to oe ansurance 


By D. W. Woon, M.B.E. : Net 
Burglary Risks 

By E. H. Groot, B.Sc., A.C.1L.1. ; ‘ Net 
Business Man’s Guide to HISUFANCH; The 

By A. PHILpotTr : P Net 


Casualty Insurance 
By C. J. CROBAUGH, M.A., and A. E. Reppina, B.S. Net 


Compound Interest, Principles 
By H. H. Epwarps ‘ . Net 


Credit Risks, Commercial. py G.H.Swam Net 


Dictionary of Accident Insurance 
Edited by J. B. WELSoN, LL.M., F.C.LI., F.C.LS. Net 


Fire Extinguishment and Fire Alarm Systems 


By R. NorTHwoop ‘ - Net 
Fire Insurance, Common Hazards of 

By W. G. KusBier Ripiey, F.C.LI. ; - Net 
Fire Insurance, Dictionary of 

Edited by B. C. Reminaton, F.C.1.I1. . - Net 
Fire Insurance, PEED ES and rrecece of 

By F. GoDWIN : : - Net 
Fire Insurance, The aw of 

By J. Row.att, B.A. é F Net 
Fire Policy Drafting and Endorsements 

By W. C. H. DARLEY : , . Net 
Fire Waste. By G.E. Kray. . .  . Net 
Guide to Marine Insurance 

By Henry KEATE . , ‘ ‘ ; ~ Net 
Insurance 

By T. E. Youna, B.A.,, F.I.A., F.R.AS. . - Net 


Insurance Office Organization and Routine 
By J. B. WErson, LL.M., ae renee a aa H. 
SHERRIFF, F.I.A.  . . Net 


Insurance of Profits. a A. G. MackEN . Net 
13 


6/- 
10/6 
3/6 
25/- 


5/- 
60/- 
2/8 
5/- 
30/- 
5/- 
7/6 


7/9 
2/8 


3/6 
10/6 


2/8 
5/- 


Insurance—contd. 


Insurance of Public Liability Risks 
By S. V. Kirkpatrick, F.C.I1.1. ; . Net 
Law and Practice as to Fidelity Guarantees 
By C. Evans and F. H. Jones ’ . Net 
Law of Accident and POntinsency Insurance 
By F. H. Jones. ‘ . Net 


Life Assurance from Proposal to Policy 
By H. Hoskine zARE, ee ee one Vv. W. 


TYLER, F.LA. ; - Net 
Life Assurance, Guide to 

By S. G. Leien, FLA. . , ; : . Net 
Marine Insurance of Goods; DO 

By F. W. S. Poote : ‘ . Net 
Motor Insurance. By W.F. Topp . . Net 


Pension and Superannuation Funds, Their 
Formation and Administration Explained 
By BERNARD ROBERTSON, F.I.A., and H.Samurts Net 


Pension, Endowment, Life Assurance, and 
Other Schemes for Commercial Companies 
By H. DovauHarty, F.C.1.I.. ‘ ‘ . Net 


Personal Accident, Disease, and Sickness 
Insurance, The Principles and Practice of 


By J. B. WELSon, LL.M. : ‘ » Net 
Physiology and Anatomy 
By H. GARDINER, MS., F.R.CS. . : - Net 


_ Principles and Practice of Accident Insurance, 
The 


By G. E. Banrietp, A.C.LI. . ‘ : - Net 
Principles of Insurance 

By J. ALFRED EKE : : ‘ ; ~ Net 
Successful Insurance Agent, The 

By J. J. Biscoop, B.A., F.C.LS., J.P... - Net 
Talks on Insurance Law 

By J. A. WatTsON, B.Sc., LL.B. ‘ ; . Net 


Workmen’s Compensation Insurance 
By C. E. Gotprne, LL.D., F.C.LI., F.S.S. . Net 
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5/- 
6/- 


2/6 


6/- 


5/~ 


15/- 
6/- 


5/- 


6/- 


2/6 
3/6 


5/- 


SHIPPING 
Case and Freight Costs 


By A. W. E. CrRosFIELD ‘< « Net 
Exporters’ Handbook and Glossary, one 
By F. M. DuDENEY ; Net 


How to Export Goods. By F. M. Dupengy. Net 
How to Import Goods. By J. A. Dunnace . Net 
Import and Export Trade. By A.S. Harvey Net 
Importer’s Handbook, The. By J. A. Dunnace Net 


Manual of Exporting 
By J. A. Dunnaaz, F.S.S., F.0.1., A.M.Inst.T, . Net 


Shipbroking, Introduction to 


By C. D. MacMurray and M. M. Cree . - Net 
Shipping. By A. Hatt and F. Heywoop . Net 
Shipping and Shipbroking 

By C. D. MacMurray and M. M. CREE . . Net 
Shipping Business preneds 

By R.B. Pavn. .  . Net 
Shipping Finance and Recuinta: 

By R.B. Paut.. Net 
Shipping Office Organization, Management, 

and Accounts. By Atrrep CatverT. . Neb 
SniDpIng Terms and peers 
By J. A. DUNNAGE : ‘ ‘ - Net 


INCOME TAX 


Income Tax and Super-Tax 

By E. E. Spicer and E. C. PEGLER . - Net 
Income Tax, Snelling’s paacueal 

By C. W. CHIVERS ‘ j - Net 


Income Tax Relief, Double 
By H. E. SEED and A. W. RAWLINSON. . Net 


Income Tax Reliefs 
By A. W. Raw ison, A.C.A. : : - Net 


Income Tax, Super-Tax, and Surtax 


The New Law Explained 
By V. Watton, F.C.A., F.B.S., F.R.Econ.8. . Net 


15 


PRICE 


2/- 


7/6 
2/— 
2/~ 
21/~ 
10/6 


10/6 


3/6 
2/- 


15/- 
5/- 
2/6 
6/- 


2/6 


12/6 
3/6 
10/6 


20/- 


7/6 


SECRETARIAL WORK, ETC. 


Chairman’s Manual 
By GURDON PALIN, and ERNEST MARTIN, F.C.LS. Net 


Company Registrar’s Manual, nme 


By J. J. QUINLIVAN : : . Net 
Company Secretarial Work 
By E. Martm, F.C.1LS. . ‘ . Net 


Company Secretary’s Vade Mecum > 
Edited by P. Tovey, F.C.I.S. Revised by C. W. ADAMS, 
A.C.LS. ‘ ; : ‘ ‘ ‘ . Net 
Dictionary of Secretarial Law and Practice 


Edited by Pamir Tovey, F.C.1S. . ‘ Net 
Examination Notes on Secretarial Practice 

By C. W. ApaAms, A.C.I.S. ‘ . Net 
Formation and Management of a Private 

Company 

By F. D. Heap, B.A... ‘ . Net 
Guide for the Company Secretary 

By ARTHUR COLES. . Net 


Guide to Company Secretarial Work 
By O. OtpHaAM, A.C.LS. vee by . K. faspeece cs 
A. 6, 1.8. (Hons.) ; Net 


Honorary Secretaryship 


By W. B. THORNE f . . Net 
How to Take Minutes 

Edited by E. Marti, F.C.LS., : , . Net 
Meetings 

By F. D. Heap, B.A. . Net 


Outlines of Transfer Procedure’ in Connection 
with Stocks, Shares, etc. 
By F. D. Heap, B.A. (Oxon), Barrister-at-Law . Net 
Practical Share Transfer Work 
By F. W. Lippinetron . 
Prospectuses : How to Read and Understand 
Them 
By Poor Tovey, F.C.LS. - Net 
Questions and Answers on Secretarial Practice 
By E. J. HamMonpn. Tes ay = K. paginas 


A; %, IS. (Hons.) : - Net 
Secretary’s Handbook 
Edited by Sm H. E. Buiary, C.B.E. , . Net 


Transfer of Stocks, Shares, and Other 
Marketable Securities 
By F. D. Heap, B.A... ‘ : ; - Net 
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PRICE 
5/- 
10/6 
2/- 


3/6 


2/6 


2/6 
6/- 


3/6 
2/6 


2/6 
5/- 


3/6 
3/6 


7/8 
5/- 


10/6 


INDUSTRIAL ADMINISTRATION 


PRICH 

Dictionary of Industrial Administration 

Edited by J. Les, C.B.E., oe rae Two 

Vols. . ° Net 63/ = 
Employment Management | 

Compiled and Edited by Dante, BLoom¥FmEtD . Net 8/6 
Engineering Factory Supplies 

By W. J. Hiscox . - Net 65/- 
Factory Administration i in Practice 

By W. J. Hiscox . Net 8/6 
Factory Lay-Out, Planning and Progress 

By W. J. Hiscox . Net 7/6 
Factory Organization 

By C. H. Norrucort, M.A., Ph.D., O. SHELDON, B.A., 

J. W. WaARDROPPER, BSc. B.Com. BO Nice and 

L. Urwick, M.A. . . Net 7/6 
Fair Wage,A By E. Barren . . . Net 2/6 
Industrial Conflict 

By the Ricot Hon. GEorGE N. BARNES . Net 3/6 
Industrial Control (Applied to Manufacture) 

By F. M. Lawson, A.M.1.C.E., A.M.I.Mech.E. . Net 8/6 
Industrial Organization 

By Joun Lze, C.B.E.,M.A., M.Com.Sce. . -. Nee 5/- 
Industrial Organization, The Evolution of 

By B. F. Sareips, M.A. ‘ . Net 10/6 
Introduction to Industrial Administration, An 

By J. Lzs, C.B.E., M.A., M.Com.Se. Net 5 /- 
Lectures on Industrial eaaeauon 

Edited by B. Muscio, M.A... ; . Net 6/- 
Letters to an Absentee Director 

By Joun Les, C.B.E., M.A.,M.Com Se. . - Net 5/- 
Management 

By J. Les, C.B.E., M.A., M.Com.Se. .  . Net 5- 
Modern Industrial Movements 

Edited by D. BLOOMFIELD : ; . Net 10/6 
New Leadership in nGOSIEY The 

By S. A. LEwIsouNn ; . Net 7/6 
Outlines of Industrial Administration 

By R. O. ca H. se marr and ha - 

JENKINS Net 6/- 


Patents for Inventions. 


By J. E. WaLKer, B.A., and R. B, Fostse, B.Sc. Net 21j- 
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Industrial Administration—contd. 
Philosophy of Management, The 


By OLivErR SHELDON, B.A. - Net 
Principles of Industrial Administration, An 
Introduction to 
By A. P. M. Freanne, C.B.E., M.Sc., M.LE.E., 
and H. J. BROCKLEHURST, M.Eng., A.M.LE.E. . Net 
Principles of Industrial Welfare 
By J. Lez, 0O.B.H., M.A., M.Com.Sc. . ; . Net 


Problems of Labour 
Compiled and Edited by Danm. BLOoMFIELD . Net 


Research in Industry 
By A. P. M. Fremne, 0.B.E., M.Sc., MLE.E., 


and J. G. Pearce, B.Sc., A.M.LE.E. ¥ Net 
Sharing Profits With Employees 
By J. A. Bowm, M.A. . Net 


Time Standardization of Workshop Operations 
By T. Prrxmeron, M.1.Mech.H. ‘ . Net 


Welfare Work in Industry 


Edited by E. T. Kerzy . . « «|. . Net 
Workshop eonuultices 
By ©. G. RENotD . ; z ‘ . Net 


BUSINESS ORGANIZATION AND 


MANAGEMENT 
Business Management 
By PERcrIvaAL WHITE é Net 
Business Management for Small Retailers 
By H. W. THEEDAM . ‘ ; ~ Net 
Clubs and Their Management 
By F. W. Pixtey . Net 


Colliery Office Organization and Accounts 
By J. W. Innzs, F.C.A., and T. C. Campsety, F'.C.1. Net 


Commercial Management 
By C. L. BoLiine . Net 


Counting -House and Factory Organization 
By J. GILMOUR WILLIAMSON . Net 


Drapery Business Organization, Management 

and Accounts. By J. Exnzsr Bayiey . Net 

Filing Systems. By E, A. Corz ~ « Net 
18 


PRIOS 


10/6 


3/6 
5/- 


8/6 


10/6 
10/6 
16/- 
5/- 
1/- 


15/- 
8/6 
10/8 
7/6 
10/6 
7/6 


7/6 
3/6 


Business Organization and Management—contd. 


Flour Milling Industry, Organization and 
Management of the. By E. L. Pearson. Net 


Grocery Business Organization and Manage- 
ment. By C. L. T. ae O.B.E., and J. A. 


SMART . Net 
Hire-Purchase ieading 
By Cunuirre L. BOLLING : ‘ ; . Net 


Hotel Organization, Management, and 
Accountancy 


By G. De Bonl, sont Panne = F. F, a 
F. 4 AVA., F.C.LS. Ne 


How to Manage a puave Hoe 
By P. Hosss . ‘ ; . Net 


How to Organize en Concerts, Fétes, 
Exhibitions, etc. 
By F. ATTFIELD FAWKES ; ; : . Net 


Ironmongery and srOnmIOH gers: nccounts 
By S. W. FRANCIS . ‘ Net 


Office Machines, Appliances, si metnoce 
By W. DEsBorouGH, F.C.I. Net 


Office Organization and Mraieemtar 
Including Secretarial Work 


By LAWRENCE R. DICKSEE, hari eee 
and Sim H. E. Bian, C.B.E. . Net 


Organization of a Small meee oe 
By W. A. SMITH. 


Self-Organization for Business Men 
By Mortzy Darnow, B.Sc.(Hons.), Lond. . Net 


Solicitor’s Office Organization, Management, 
and Accounts 


- Net 


By EK. A. Cope and H. W. H. RoBins . Net 
Stockbroker’s Office, a 

By J. BE. Day . : : . Net 
Stores Accounts and Stores wonteol 

By J. H. BURTON . ‘ : . Net 
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PRICE 


12/6 


6/- 


10/6 


10/6 


3/8 


2/6 
2/6 


5/- 


6/- 


2/6 


MUNICIPAL WORK 


Local Government of the United Kingdom, 
and the Irish Free State The 


By J. J. Cuarke, M.A., F.S.S. ; ‘ . Net 
Municipal Accounting Systems 

By S. WarreneaD, A.S.A.A., A.C.1LS, . . Net 
Municipal Audit Programmes 

By the same Author 5 ; ; : . Net 
Municipal Book-keeping 

By J. H. McCarty, F.\S.A.A. : . Net 
Municipal and Local eovernmer Law 

By H. E. Smrra, LL.B. . ‘ . Net 
Municipal Organization 

By M. H. Cox, LL.B... Net 
Municipal Student’s Examination Notebook 

By S. WirreneaD, A.S.A.A., A.C.LS. ‘ . Net 


Municipal Series 
Edited by Wriitiam Bateson, A.C.A., F.S.A.A. 
Describes the Organization and Administration in the 
Various Departments of a Municipality. 
Principles of Organization 


By W. Barsson, A.C.A., FS.AA. . «. Net 
Education Department 

By A. E. Ign, B.Sc., LL.D... ‘ . Net 
Electricity Undertaking 

By C. L. E. Stewart, M.LE.E. ‘ - Net 
Finance Department 

By W. BaATEsoN, A.C.A., F.S.A.A. ; . Net 
Gas Undertaking 

By E. Upron, F.S.A.A. . Net 
Municipal Engineer and Surveyor’ Ss 

Department. By E. J. Enrorp . . Net 

Public Health Department — 

By W. A. LEONARD e ‘ » Net 
Rating Department 

By A. H. Peacock, M.A., A.S.A.A. . . Net 


Town Clerk’s Department and the 
Justices’ Clerk’s Department 
By A. 8S. Wricut and E. H. Sinateron . Net 
Tramways Department 
By S. B. N. Marsa 2 ; : . Net 
Waterworks Department 
By F. J. ALBAN, F\S.A.A., F.LM.T.A,, 4.0.1.8. Net 
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PRICE 


12/6 
5/- 
3/6 
7/6 

10/6 
5/- 
7/6 


3/6 
7/6 
6/- 
7/6 
5/- 
10/6 
6/- 
5/- 


7/6 
6/- 
10/6 


ADVERTISING AND COMMERCIAL ART 


Advertisement Lay-Out and Copy orang 


By A. J. WATKINS P 


Advertising Procedure By 0. Kizppnzr 


Advertising Through me neces 
By N. HUNTER : 


Advertising to Wome. 
By ©. A. NAETHER, M.A. 


Business Man’s Guide a Advertising 


By A. BE. Bou 
Craft of Silent Sitoatianehip 


By C. Maxwe.L. Trecurrsa and J. W. Frinas 


Designs, Book of 
By C. J. and L. S. Strona . 


Effective Postal Publicity 
By Max RITTENBERG 


Language of ecver tens: ane 
By J. B. OPDYCKE . 


Letter and pestees Studio Handbook 


By S. WELo 


Lettering, Plain anil Ornamental 
By EK. G. Fooks : 


Modern Publicity. By A. W. Dean 


Practical Points in Postal py 


By Max RITTENBERG 


Practical Press Publicity 
By A. L, COLYER . ° 


Show Card Writing, The Art of 
By L. J. and ©. J. Strona... 


Sign Painting. By F. H. Arxrmson 
Ticket and Showcard pestenmne 
By F. A. PEARSON ‘ 
Training in Commercial Art 
By V. L. DANVERS 


Types and Type Faces 
foe from “ Modern amen 2 
By C. M. TREGURTHA ‘ 
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Net 
Net 


. Net 


- Net 


. Net 


Net 


- Net 


. Net 


. Net 


. Net 


. Net 
- Net 


- Net 


Net 


. Net 
. Net 


. Net 


- Net 


. Net 


PRICE 


15/- 
21/- 


5/- 
21/- 
3/6 
5/- 
16/- 
7/6 
15/- 
12/6 


3/6 
2/8 


7/6 
3/6 


16/- 
16/- 


3/6 


21/- 


2/6 


SALESMANSHIP 


Building Retail Sales 
By C. C. KNIGHTS . ; P ‘ ‘ ~ Net 5/- 


Commercial Travelling. By A. E. Burn . Net 3/6 


Craft of Silent Salesmanship 
By C. MAXWELL TREGURTHA and J. W. FriInGs Net 5/- 


Mail Order and aueteiment yeaa 


PRICE 


By A. E. Buu : . Net 7/6 
Mail Order Giaaaiedtion 

By P. E. Wuson . , : ‘ ‘ ~ Net 3/6 
Modern Sales Correspondence 

By D. M. Witson . : ; ‘ ~ Net 5/- 
Outline of Sales Management, An 

By C. C. Knicurs, Sales Consultant ; . Net 5/- 
Practical Aids to Retail eetline 

By A. Epwarp HamMonpD ; 2 - Net 7/6 


Practical Salesmanship 
By N. C. Fowzzr, Junr. . ; ‘ - Net 7/6 


Principles of ReCeEe, 


By N. A. Brisco, Ph.D. : ; . . Net 16/- 
Psychology as a Sales aia! 

By A. J. GREENLY . : : : - Net 10/6 
Sales Management. By C. L. Botiine . Net 10/6 
Salesmanship 

By W. A. CorBIon and G. E. GRIMSDALE . Net 3/6 
Salesmanship, Technique a 

By C. C. KNicuts . ; ‘ ; . Net 65/- 
Shop Fittings and mieplay 

By A. E. HAMMOND ; : ; . Net 5/- 
Successful Retailing. By E.N.Smon. . Net 5,/- 
Training for More Sales 

By C. C. Knicuts, Sales Consuliant ; »- Net 5/- 
Training for Travelling melesrien 

By F. W. SHRUBSALL . : : . Net 2/6 


Window Dressing. ByG.L.Tomms . . Net 2/- 
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TRANSPORT 


Canals and Inland Watrwere 
By GnorGrt CaDBURY F ; ° - Net 


Commercial Air Transport 
By Litut-Cou. Ivo ashes C.M. G. — F, ig 
M.C,, A.F.R.AeS. . Net 


History and Economics of eee The 
By A. _ KIRKALDY, M.A., B.Litt., ns 


and A. D. Evans . Net 
How to Send Goods by Bae nal eng Sea 

By G. B. LissENDEN ‘ . Net 
Industrial Traffic Management: 

By G. B. LissENDEN : ° . Net 


Modern Dock Operation 
By D. Ross-JOHNSON, C.B.E., V.D., M.Inst.I. . Net 


Modern Railway Operation 
By D. R. Lams, M.Inst.T. ; ‘ ; . Net 


Motor Road Transport. By J. Pautmore. Net 
Port Economics 
By B. Naa aaa di ae in: 
M.Inst.C.E.. - Net 


Railway Electrification and ernie Problems 
By P. BuURTr . : : . Net 


Railway Rates: Principles and pe Onme 
By P. Borrr, M.Inst.T. . ; Net 


Railway Statistics : Their Compilation and 
Use. By A. E. Kmxvs, 0.B.E., M.Inst.T. . Net 


Rights and Duties of aneneDOre Vagerenne> 


By H. B. Davies, M.A. , , . Net 
Road Making and Road Using 
By T. SALKIELD, M.Inst.C.E., M.Inst.T. . - Net 


Traders’ Rail Charges Up to Date 
By J. W. Parker, A.M.Inst.T. ; , . Net 
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PRich 


7/6 


7/6 


16/- 
2/- 
20/- 
6/- 


2/6 
10/6 


6/- 


10/6 


6/- 


o/- 


5/- 


76 


3/6 


LAW 


Bankruptcy, Deeds of Arrangement, etc. 
By W. VALENTINE BALL, M.A., Barrister-at-Law Net 
Bills, Cheques, and Notes 


By J. A. Suater, B.A., LL.B. (Lond.).  . » Net 
Business Tenant, The 

By Epwarp S. Cox-Sinciair, and T. Hynes, . Net 
Commercial Law of England, The 

By J. A. Suarer, B.A., LL.B. (Lond.) ‘ . Net 
Companies and Company Law 

By A. C. ConNELL, LL.B. (Lond.) . ° - Net 
Company Case Law 

By F. D. Heap, B.A. (Oxon) . : ‘ » Net 


Company Law 
By D. F. DE L’HosTE RANKING, M.A., ie D., and 


ERNEST EVAN Spicer, F.C.A. . . Net 
Elements of Commercial Law, The 

By A. H. Dovucias, LL.B. (Lond.) . : . Net 
Elementary Law. By E.A.Copze. . . Net 


Examination Notes on Commercial Law 

By R. W. Houuanp, O.B.E., M.A., M.Se., LL.D. . Net 
Examination Notes on Company Law 

By R. W. HoLuann, 0.B.E., M.A., M.Sc., LL.D. . Net 
Executorship Law and Accounts 

By D. F. pe L’Hoste Ranxina, M.A., LL.D., 

E. E. Spicer, F.C.A., and EB. C. PEGLER, F.C.A. Net 
Guide to Company Law 

By R. W. Houiann, 0.B.EH., M.A., M.Sc. LL.D. . Net 
Guide to Railway Law 

By Arraur E. CHAPMAN, M.A., LL.D. (Camb.) . Net 


Introduction to Commercial Law 


By Norman A. WEBB, BSc. . , . ‘ . 
Law for Journalists 

By Caarzes Prttey, Barrister-at- Law ; . Net 
Law for the House-Owner 

By A. H. Cosway . Net 


Law of Carriage by Railway, The. In Great 
Britain and Ireland 
By L. BR. Lirsert, M.A., LL.D., and T, J, 
D. ATKINSON, M.A. . ‘ Net 
Law of Contract, The 
By R. W. Hotuanp, O.B.E., M.A., M.Sc., LL.D. Net 
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PxICH 
12/8 
6/- 
7/6 
3/6 


7/6 


10/- 
2/- 


2/6 
2/6 


15/- 
3/6 
7/6 
5/- 
5/~ 
2/6 


50/- 
o/- 


Law—contd. 
Law of Master and Servant 


By F. R. Batr, LL.M. . : . Net 
Law Relating to Building and Conteacta 
By W. T. CresweE.., Barrister-at- Law F . Net 


Law Relating to Secret Commissions and 
Bribes. By ALBERT Crew, Barrister-at-Law . Net 


Law Relating to Carriage by Land 


By S. W. CLARKE, Barrister-at-Law . ; . Net 
Legal Terms, Phrases, and Abbreviations 
By E. A. Cope ‘ , ‘ ‘ ; . Net 


Mercantile Law 
By J. A. Suater, B.A., LU.B. (Lond.) Fifth Edition, 
Revised by R. W. HOLLAND, O.B.E., ee M.Sce., 


LL.D., of the Middle Temple. : . Net 
Outlines of Company Law 
By F. D. Heap, B.A. (Oxon) . ; : . Net 


Partnership Law and Accounts 
By R. W. Hottanp, O.B.E., M.A., M.Sc. LL.D. Net 


Principles of Marine Law 
By LAWRENCE DUCKWORTH . ‘ : . Net 


Questions and Answers on Commercial Law 
By R. W. Ho.Luanp, O.B.E.. M.A., M.Sc., LL.D. Net 


Questions and Answers on Company Law 
By G. WILLIAM Fortune, F.S.A.A., F.C.LS. (Hons.), and 
D. R. Matueson, M.A. (Hons.), A.S.A.A. (Hons.) Net 


Railway Act, 1921, The 
By R. P. Grirrrrsus, F.C.1., F.B.E.A., Grad.Inst.T. Net 


Rights and Duties of Liquidators, Trustees, 
and Receivers, The 

By D. F. pr L’HOSTE RANKING, M.A., LL.D., ERNEST 

E. Spicer, F.C.A., and ERNEST C, PEGLER, F.C.A. Net 


Solicitor’s Clerk’s Guide. By E. A. Copz . Net 


Trusts : Law, Administration, and Accounts 
By C. KELiy and J. CoLE-HAMILTON ° . Net 


Wills, Executors, and Trustees 
By R. W. Hortanp, 0.B.E., M.A., M.Sc., LL.D. Net 


7/6 
2/8 
6/- 
7/6 


3/- 


5/- 


2/6 


15/- 
4/- 


15/- 


2/6 


REFERENCE BOOKS 


Bedrock of Modern Business, The 
By James STEPHENSON, M.A., M.Com., D.Sc. . Net 


Business Building 
Edited by F. F. Saarzes, F.S.A.A., F.C.1LS. 2 Vols. Net 
Business Cycles. The Problem and Its Setting 
By W. C. MrrcHeLL ‘ . Net 
Business Forecasting and Its Practical Appli- 
cation. By W. Waace, M.Com, (Lond.) . Net 
Business Man’s Encyclopaedia and Dictionary 
of Commerce 
Edited by FranK Hrywoop, ¥F.C.1.8. Two Vols. Net 
Business Man’s Guide 
Edited by J. A. SLATER, B.A., LL.B. ‘ » Net 


Business Statistics 
By R. W. HoLuann, O.B.E., M.A., M.Sc., LL.D. Net 


Business Terms, Phrases, etc. . . Net 
Cable and Wireless Communications of the 
World, The 

By F. J. Brown, C.B., C.B.E., M.A., B.Sc. . Net 
Charting, Manual of _ . . : . . Net 
Charts and Graphs 

By Karu G. Karsten, B.A. (Oxon) ‘ - Net 
Commercial Arbitrations 

By EH. J. Parry, B.Sc., F.1.C., FCS. - . Net 
Commercial Commodities 

By F. Marrnews, B.Sc., A.LC.. FCS... . Net 


Commercial Contracts. By E. J. Parry . Net 


Commercial Self-Educator 
Ee a ad oui es moe 
Two Vols. , Net 


Commodities of Commerce 
By J. A. Sater, B.A., LL.B. : ‘ . Net 
Cotton World, The 
Compiled and Edited by J. A. Topp, M.A., B.L. . Net 
Dictionary of the World’s Commercial 
Products 


By J. A. SLATER, B.A., LL.B. (Lond.) . . Net 
Discount, Commission, and Brokerage Tables 
By Ernest HEAVINGOAM : : - Net 
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15/- 
42/- 
30/- 


7/6 


47/6 
6/- 
3/6 
3/6 
7/8 
6/- 

25/- 
3/6 

12/6 
5/- 

30/- 
6/- 
5/- 


3/6 


1/6 


Reference Books—contd. 


Empire Consols. By J. F. Danune, C.B.E.. Net 
Financial Statements, Analysis of 


By H. G. GuTHMann, M.B.A., C.P.A. ; . Net 
Fruit and the Fruit Trade 

By F. FamFrorp . ‘ . Net 
Guide to the Improvement of the Memory 

By the late Rv. J. H. Bacon ; Net 


Handbook on Wills, A. By A. H. Cosway . Net 
How to Collect Accounts by pete 


By C. HANNEFORD-SMITH ’ ‘ . Net 
How to Grant Credit 
By CUTHBERT GREIG : Net 


History, Law, and Practice of the Stock. 
Exchange, The. By A. P. Potzy, B.A. . Net 


Investment Principles and pres ee 


By R. E. Baperr, Ph.D. : ‘ - Net 
Investor’s Manual, The 

By W. W. Wat, F.SS., F.J.1. : , . Net 
Mercantile Terms and Abbreviations . Net 
Money and the Stock and Share eee: The 

By Exon Daviss.. Net 
Money Makinég in Stocks and Shares 

By Sypney A. MosELEY . Net 
Public Speaking. By F. H. Kmxparnick . Net 
Public Speaking, Essentials of 

By W. C. Dusois, A.M., LL.B. ; ; . Net 
Romance of World Trade, The 

By A. P. Dennis, Ph.D., LL.D. : ; . Net 
Shareholder’s Manual, ene 

By H. H. Basserr . é ‘ ‘ . Net 
Speak in Public, How to 

By C. F. Carr and F. E. STEVENS . : Net 
Statistics and Their application to Commerce 

By A, L. Boppineron . - Net 


Types of Business Racacpeiee 
By M. C. Uross, LL.B., Ph.D. : ‘ . Net 


PRIOR 


i/- 
21/- 
6/- 


1/6 
2/6 


3/6 
3/6 
7/8 


21/- 
3/6 
1/6 


2/- 


2/6 
5/- 


8/6 
15/- 
3/6 
3/6 
12/6 


21/- 


FOREIGN LANGUAGES 


FRENCH 

Progressive French Grammar 
By Dr. F. A. Hepacocs, M.A., D.as.L. . . Net 

Commercial French Grammar 
By F. W. M. Draper, M.A., B. és. L. ; » Net 


French-English and English-French 
Commercial picuonary 


By F. W. Smirs st. Net 
Manual of French Commercial Correspondence 

By G. W. MACDONALD. - Net 
Correct French Speech 

By B. DuMvmLe, M.A., F.C.P. ° 

GERMAN 

A New German Grammar 

By J. KEEGAN, M.A. : ; : ; - Net 
Commercial German Sraemee 

By J. Brraexy, M.A. ; ‘ - Net 


A New German-English and English-German 
Dictionary for General Use 
By F. C. HEBERT and L. Himscu . ‘ - Net 


German-English and English-German 
Commercial Dictionary 


By J. BrrHewy, M.A, : . : : - Net 
Commercial Correspondence in German. Net 
SPANISH 
Spanish Commercial Crammer 
By C. A. ToLEDANO ; . « Net 


Spanish-English and English- Sranic 
Commercial Dictionary 
By G. R. Macponatp 5 . : » Net 


Manual of Spanish poammercias eorteepondence 


By G. R. Macponatp . « Net 
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5/6 


2/6 


7/6 
5/- 


1/6 


3/- 


3/6 


15/- 


16/- 


3/6 


4/6 


12/8 


4,6 


Foreign Languages—contd. 


ITALIAN 


Baretti’s Italian and Enélish Dictionary 
Compiled by GuUGLIzLMO CoMELATI ane J. Pave rer 


PRICE 


In two volumes (Reprinted) ‘ . Net 25/- 
Italian Commercial ~raonnae 
By Luiar Riccr ‘ . Neb 4 


Italian-English and English- Italian 
Commercial Dictionary 


By G. R. Macponarp. . : - Net 30/- 
Mercantile Correspondence, English- Italian 
Net 5/- 
PORTUGUESE 


Portuguese-English and English-Portuguese 
Commercial Dictionary 
By F.W.Smrs . . . . .  . Ne 16/- 


Practical Portuguese Grammar - «+ Nee 76 


Mercantile sa aces Enéglish-Portu- 
guese. : P ; ‘ - Net 38/6 


PITMAN’S SHORTHAND 
For Complete List of Textbooks, Phrase Books, 


Dictation Books, Reading Books, etc., see Pitman’s 
‘SHORTHAND AND TYPEWRITING CATALOGUE.” 


Pitman’s Shorthand Instructor - 2 « 4/6 
Pitman’s Shorthand Commercial Course . 46 
Pitman’s Shorthand Rapid Course - . 46 
Shorter Course in Pitman’s Shorthand . 
English and Shorthand Dictionary . . . 10/- 
Shorthand Clerk’s Guide 

By V. E. CoLtineg, A.C.LS.  . ‘ , : . 2/6 
Progressive Dictator .__. : . . 26 


Phonographic Phrase Book . Paper 1/6, Cloth 2/- 
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TYPEWRITING 


Pitman’s Commercial Aypewritng 
By W. and E. WALMSLEY . ; 


Pitman’s Typewriter Manual 


Business Typewriting 
By F. Hees, F.C.1S. . P : ‘ F ; 
Advanced Typewriting 
By the same Author ‘ ° 
ate Companion, The 
y MaxweEt_ Crooks, F.lInc.T.T., F.LPS. . Net 
nn Typewriting for Teachers 
By MAXWELL CROOKS, serps. saa 
FOTS. (Inc.) ‘ » Net 
Touch Typewriting Made Basy_ 
By G. B. WricuT . . 
Practical Course in Touch Typewriting 
By C. E. Sir ‘ ‘ 
Dictionary of Typewriting 
By H. ETHERIDGE ; - Net 
Questions and Answers on “Typewriting and 
Office Procedure 
By Artur E. Morton . ° ° 
Royal Society of Arts Typewriting Tests 
By A. E. Morton. No. 1, grr nmaeel ; No. 2, aca 
mediate ; No. 3, Advanced. Kach 
Mechanical Devices of the Typewriter 
By R. T. Nicnwotson, M.A. Net 
Modern Typewriting and Manual of Office 
Procedure 
By A. E. Morton . 
Work and Management of a s Copying Office, 
The 
By G. C. Menzizs . ; Net 
Pitman’s Gramophone Method of Rhythmic 
Typewriting 
Comprises a complete set of specially arranged 
gramophone records for use in the Touch Type- 


writing Class and a series of Se oe ol 
keyboard exercises . ‘ . . Net 


WRICE 


5/- 
6/- 


2/- 
3/6 
2/~ 


7/6 
2/8 
2/- 
7/8 


7/8 


2/6 


5/6 


10/6 


35 /— 


Exercises only é , ‘ ‘ ‘ . Each 1/8 


Complete List post free on application. 
30 


COMMON COMMODITIES AND INDUSTRIES 


Each book in crown Svo, illustrated. $s. net. 


In each of the handbooks in this series a particular product or 
industry is treated by an expert writer and practical man of 


business. 


with the life history of the plant, or other 


g 
natural product, he follows its development until it becomes a 


commercial commodi 


ty, and so on throug 


h the various phases 


of its sale in the market and its ea by the consumer. 


Acids, Alkalis, and Salts. (ApLaM.) 


Alcohol in Commerce and Industry. 
(Soamonps. ) 


Aluminium. (Morrmer.) 
Anthracite. (Suanmuss.) 
Asbestos. (SuarmErs.) 


Bookbinding Craft and Industry. 
(HARRISON, ) 


Books—From the MS. to the Book- 
seller, (YOUNG.) 


Boot and Shoe Industry, The. (Harp- 
ING.) 


Bread and Bread Baking, (Stewaar.) 
Brushmaker, The. (Kmppieez.) 


Butter and Cheese, (TispaLE and 
JONES.) 


Batton Industry, The. (Jonzs.) 
Carpets. (BRiNTON.) 

Clays and Clay Products. (SEARLE.) 
Clocks and Watches. (OvERToN.) 
Clothing Industry, The. (Pooxr.) 
Cloths and the Cloth Trade. (HunTEz.) 
Coal. (Witson.) 

Coal Tar. (WARNES.) 


Coffee—From Grower to Consumer. 
(KEaBLE.) 


Cold Storage and Ice Making. 
(SPRINGETT. ) 


Concrete and Reinforced Concrete. 
(I'WELVETREES.) 


Copper—From the Ore to the Metal. 
(Prcarp.) 


Cordage and Cordage Hemp and 
Fibres. (WoopHOoUsSK and Kn. 
GOUR.) 


Corn Trade, The British. (Barxer.) 
Cotton. (Praxz.>} 
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Cotton Spinning. (Wanz.) 

Cycle Industry, The. (Grew.) 

Drugs in Commerce. (HumPurey.) 

Dyes, (Haxt.) 

Electric Lamp Industry, The. (Pxx- 
CIVAL.) 


Electricity. (NEatsz.) 

Engraving. (LasczLLss.) 
Explosives, Modern. (Lrvy.) 
Fertilizers. (Cave.) 

Film Industry, The. (Boveaey.) 
Fishing Industry, The. (Grsss.) 
Furniture. (Binstreap.) 

Fors and the Fur Trade. (Sacxs.) 
Gas and Gas Making. (WEBBER.) 
Glass and Glass Making. (Marson.) 
Gloves and the Glove Trade. (Ex1s.) 
Gold. (Wurrs.) 

Gums and Resins, (Parry.) 
Incandescent Lighting. (Lrvy.) 
Ink. (Mrrewe.t.) 

Internal Combustion Engines. (Ox111.} 
Tron and Steel. (Hoop.) 
Ironfounding. (W aITELEY.) 


Jute Industry, The. (WoopHOUsE 
and KineourR.) 


Knitted Fabrics. 
QUILTER. ) 


Lead, including Lead Pigments. 
(Surv THE. } 


Leather. (ADCOcK.) 

Linen. (Mooze.) 

Locks and Lock Making. (Burrsn.) 
Match Industry, The. (Drxon.) 


(CHAMBERLAIN and 


Common Commodities and Industries—contd. 


Meat Industry, The. (Woop ) 
Motor Boats. (StRickLann.) 
Motor Industry, The. (Wart ) 
Nickel. (Warrs.) 

Oil Power. (Norrz.) 

Oils. (Mrrcxxx.) 

Paints and Varnishes. (JENNINGS.) 
Paper. (Mappox.) 


Patent, Smokeless, and Semi-Smoke- 
less Fuels, (GREENE and Prrxm.) 


Perfumery, The Raw Materials of. 
(PaRRy.) 


Photography. (GamMBLE.) 
Platinum Metals, The. (Surrz.) 
Player Piano, The. (W1son.) 
Pottery. (Nokr and Prant.) 
Rice. (Dovetas.) 

Rubber. (Stzvens and SrTeveEns.) 
Salt. (CaLvERT.) 


Shipbuilding and the Shipbuilding 
Industry. (MrrcHELL.) 


Silk. (Hoorzz.) 
Silver. (WHITE.) 
Soap. (Smorons.) 
Sponges, (CRESSWELL.) 


Starch and Starch Products. (AUDEN. ) 
Stones and Quarries. (Howr.) 
Straw Hats. (INwarps.) 


Sugar. (Martivgav.) (Rovised by 
EasTIcK ) 


Sulphur and Allied Products. (AUDEN.) 
Talking Machines, (Mrrc#£ tt.) 
Tea, (IpprrTson.) 


Telegraphy, Telephony, and Wireless. 
(POOLe.) 


Textile Bleaching. (STEVEN.) 
Timber. (BULLOOK.) 
Tin and the Tin Industry. (Munvey.) 


Tobacco, (Tanverr.) (Revised by 
DREW). 


Velvet and the Corduroy Industry. 
(COOKE. ) 


Wall Paper. (Waxp.) 

Weaving. (CRANKSHAW.) 

Wheat and Its Products. (Mizr.ar.) 
Wine and the Wine Trade. (Simown.) 
Wool. (HunteEz.) 
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